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INTRODUCTION 
The failure of viable seeds to absorb moisture and germinate when 
placed in an environment favorable for germination, a condition of seeds 
known as "hardness," is very pronounced in sweet clover. Mature ripened 
seeds while still on the mother plant and for some time after they have 
fallen to the ground in natural seedings approximate 100 per cent in hard-
ness, and when harvested and hulled by hand to avoid scratching or 
cracking the seed coats, hardness generally ranges above 90 per cent. 
Occasional individual plants and some recently isolated strains are com-
paratively soft seeded, their seeds sometimes running as low as 50 per cent 
hard, but the species and strains generally grown in both the yellow and 
white blossomed forms are notably hard seeded; despite the softening 
effects of the abrasions and other injuries of seed coats by the combine 
or whatever type of harvester used, hardness still ranges as a rule from 
60 to 80 per cent. 
The prevalence of hardness accounts for the general practice of 
scarifying the seed before sowing. Sown without scarification and also in 
natural seedings, the seeds do not germinate until their coats are made 
permeable by a period of weathering, usually several months. Most un-
scarified, hard sweet clover seeds, when sown in the field at the usual 
time in the spring, do not germinate till the next spring, as has been 
observed by Hume (10), Kirk (12), Schmidt (14), Whitcomb (20), and 
others. The weathering through the cool season is much the most effective 
in opening the seed coats in the field , according to the observations of 
Harrington (7) , Hume (10) , Stevens and Long (17) , Schmidt (14) , and 
Whitcomb (20, 21). • 
The object of the investigations herein reported was to obtain more 
definite information about the particular factors involved in softening the 
seed coats of sweet clover both in the field and in different types of storage. 
The investigations cover the conditions to which the seeds are exposed in 
natural seedings in the field, and the more or less artificial conditions to 
which the seeds are exposed when stored (1) in constant temperature 
rooms, (2) in laboratories and dwellings, (3) in unheated open buildings 
such as granaries, machine sheds, and open garages, and (4) at different 
depths in the soil. The results of these investigations, as well as being of 
interest scientifically, are pertinent to arriving at the best methods of 
storage for sweet clover seed. 
[289] 
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PROCEDURE AND RESULTS 
so- TENING OF SEEDS IN NATURAL SEED: KGS 
Over the period of years from 1927 to 1942, the germination of natural 
seedings was followed through February, March, and April. Two or more 
samples each month were collected from the soil of at least six different 
areas which were well seeded by plants that had matured and dropped 
their seeds on the areas the previous fall. Some of the areas selected were 
on highway and railway right-of-ways or waste areas on farms, and 
some were on cultivated plots of fields where unmolested plants had 
ripened and dropped their seeds. The seeds were taken from the areas in 
surface layers of soil from which they were washed out in the laboratory. 
Tests of samples collected in December and January did not differ signifi-
cantly in percentage of germination from the tests of the February samples 
and were not continued after the third year of the investigations. Since 
the immature soft seeds swell and are soon killed by the fall freezes, the 
samples collected from the field after the fall freezes consisted almost en-
tirely of hard seeds, and they were not found to vary much in germination 
in the monthly tests until the middle of March or later. 
As shown in Table 1, for February the germination of the seeds 
collected from the field was consistently very low up to March. The rise 
in germination started between the twentieth and the end of March in 
7 of the years and between the first and twentieth of April in 3 of the 
years. Much of the germination recorded in April was the result of 
softening in late March. After the softening period, the increase in ger-
mination when the temperature was favorable was surprisingly rapid and 
general on nearly all of the areas observed. Tests of samples collected not 
more than a week apart frequently differed 60 to 80 per cent in ger-
T ABLE 1 
O PENI NG OF SEED C OATS OF W EIZT CLOVIZR IN T H E N AT URAL S EEDINGS IN T HE FIELD A s SHO W N 
BY T H E P ERCENTAGES OF G ERMI NATION TN F EB RUA R Y, M AR C H AND APR IL . D AT A B ASED ON 
SAMPLES TAKEN AT S IX O R M O R E DIFFER ENT L OGATIO NS IN THE F IELD . B OT H R ANGE AND 
M EAN OF P ERCENTAGES OF G ERMINATION ARE R ECORDE D 
Percentage Germination a t Following Dates 
February 
I 
M arch April 
Year R a nge M ean R a nge M ean Range M ean 
1927- 28 . ... . . .. . 4-8 6 18- 42 24 52- 90 78 
1928- 29 ... ..... 2- 14 8 16- 84 72 22- 98 92 
1929- 30 ......... 2- 6 4 32- 52 42 62- 96 88 
1933- 34 .. ....... 4- 12 6 12- 22 14 89-94 90 
1934- 35 . . .. . .... 2- 12 8 20- 90 86 90- 100 95 
1936- 37 ... . ..... 6- 10 6 10- 35 18 85- 98 88 
1937- 38 ... . ..... 4- 10 6 8- 20 12 75- 95 85 
1938- 39 ... ...... 6- 8 7 8- 10 10 90- 100 95 
1939-40 . . . . ..... 8- 13 8 12- 32 21 90- 100 96 
1941-42 .. . .. .. . . 4-16 7 4- 12 6 60- 91 88 
Average . ..... 
.. ·I 4- 11 6 .6 14- 40 30 .5 64- 90 89 
---
GERMINATION OF SWEET CLOVER SEED 291 
mination. Most of the marked increase in the germination shown in the 
April column was the result of grand openings of seed coats that started 
early in April. 
During the opening period or soon following, if the weather permitted, 
there was wholesale germination in the field, followed by thick stands of 
seedlings. 
In the natural seedings the seeds were exposed to all the variable 
weather conditions, such as drying and wetting, and to variations in 
temperature ranging from lows of subzero (F) to highs considerably 
above freezing. Being most in evidence, fluctuations in temperature and 
moisture are suspected of being the primary factors in softening the seeds. 
The data in Table 1 suggest that the causal agent or agents must operate 
over a period of months to effect the softening. That there is a time element 
involved in the operation of factors that open the seed coats also is 
indicated in the reports of the field studies by Schmidt (14) and others. 
Unless hard sweet clover seed is sowed early enough in the season to re-
ceive a considerable period of winter weathering, the germination is not 
satisfactory until the seed has had the weathering of the following winter. 
There are various reports on the relation of temperature to the 
softening of seeds. Helgesen (8) found that hard sweet clover seeds which 
softened very little in laboratory storage were softened very effectively 
by outdoor seasonal temperature fluctuations. Gadd (5) obtained more 
than 90 per cent softening in hard red clover seeds by exposing them to 
fluctuating low temperatures, running as low as 3°C. Exposure to 
fluctuating temperatures of 20 to 30°C. , according to Whitcomb (22) , had 
no softening effect on either hard red clover or sweet clover seeds. Witte 
(23) obtained some softening of hard red clover seed under fluctuating 
temperatures of 20 to 30°C., but much more when alternating temperatures 
were 10 and 30 °C. Harrington (7) reported that alternating temperatures 
b etween room temperature and 30°C. had no softening effect on the hard 
seeds of sweet clover, but alternations of 1 to 30°C .. followed by an 
incubation in a cool temperature softened 30 per cent of the seeds. On the 
other hand, Busse (2) froze and thawed hard sweet clover seeds 20 times 
with no softening effects. 
From the previous investigations that have been cited, it appears 
that alternating low temperatures are the most effective in opening hard 
clover seeds, but as shown in Table 1 the length of the period of the ex-
posure to alternating temperatures is an important factor and may afford 
an explanation of the discrepancies in r esults obtained by different in-
vestigators on the softening effects of alternating temperatures. 
SOFTENING OF S WEET CLOVER SEEDS STORED ON AN OPEN PORCH AND IN 
AN UNHEATED FRAME GARAGE 
The storage conditions on the open porch and in the unheated frame 
garage were comparable to those of the common storage places on farms, 
such as the barns, cribs, granaries, garages, machine sheds, etc. , where 
the seeds are protected from rain and somewhat protected from the 
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extreme fluctuations in atmospheric moisture but not much protected 
against wide outdoor temperature fluctuations. 
The seed from which the samples for storage were prepared was hand 
picked in late summer and early fall of each year from field plots, fields, 
and uncultivated areas and kept in the laboratory until placed under the 
experimental conditions. Seeds of both the yellow and white blossomed 
common species were included, but the difference between the behavior 
of the seeds of the different species did not warrant a separate recording 
of data. 
In the preparation of the samples the seeds were hand hulled, and 
immature and abnormal seeds were excluded. The selected seeds, in lots 
approximating 100 and ranging 95 to 100 per cent in viability, were 
bagged in small pieces of cheesecloth. One of the duplicate sets of bags 
was stored dry in wide-mouth bottles closed with cotton. The other set, 
after being immersed in water a few minutes, was similarly stored with 
some moist filter paper included in the bottle to help maintain the moisture 
of the chamber. The bottles accommodating each set were in duplicate, 
one for storage on the porch and the other in the garage. The results from 
the two places of storage were similar and were combined in the 
tabulations. 
As the data in the tables (Tables 1 and 2) show, the behavior of the 
seeds stored on the porch and in the garage was similar to that of the 
seeds in the natural seedings, the periods and percentages of increased 
germination corresponding closely. As in the case of the natural seedings, 
there was not much softening of seeds until March, and between the middle 
of March and April 20 there was a grand softening period. It is to be 
TABLE 2 
OPENING. OF SEED OATS OF SWEET CLOVER STORED IN CHEESECLOTH BAGS ON AN OPEN 
PORCH AND IN AN OPEN GARAGE, AS SHOWN BY THE PERCENTAGES OF GERMINATION IN NO-
VEMBER, WHEN PUT IN STORAGE, AND IN THE FOLLOWING FEBRUARY, MARCH, AND APRIL. 
THE PERCENTAGES RECORDED ARE THE AVERAGE OF FouR OR MORE TESTS OF NoT LESS 
THAN 100 SEEDS EACH 
Percentage Germination 
November February March April 1- 20 
Year Wet Dry Wet Dry Wet Dry 
1927-28 ..... .... 8 13 12 89 91 . . . . . . .. . . . . . . . . 
1928- 29 .. ....... 6 4 3 7 6 30 84 
1929-30 ..... . ... 8 4 2 46 38 74 82 
1934- 35 ......... 12 11 14 16 24 73 92 
1935- 36 ......... 9 4 10 98 98 . ...... . . . . . . . . 
1933- 34 ......... 7 6 8 32 38 34 92 
1930- 31 ......... 13 18 27 28 56 30 84 
1936- 37 ......... 12 28 18 68 74 . ...... 97 
1937-38 .... .. ... 8 17 19 17 24 34 72 
1941- 42 ......... 6 14 16 32 44 48 86 
Average . . .. . .... 9 12 13 43 48 45 86 
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noted that the data in Table 2 show that the seeds stored dry softened as 
well as those stored wet and gave a much better germination in April, 
which in a measure was due to the destructive effects of high water 
absorption and low temperatures on the seeds that opened prior to the 
germination tests. 
As a factor in softening the seeds, it is obvious that fluctuations in 
moisture were not significant in the bottles where the seeds were kept 
constantly wet, and they could have operated only mildly in the dry sets 
because of the obstruction of moisture diffusion in and out of the bottles 
by the cotton plugs. The results with seeds stored dry in bottles tightly 
corked were not significantly different. The evidence was conclusive that 
moisture fluctuations were of minor, if any, importance in softening the 
stored seeds. Data from other types of storage, as those from storage in 
the soil, further support the conclusion that moisture fluctuations are not 
essential. When the seeds were stored at shallow depths in the soil where 
they were constantly ~oist and in an air of rather constant moistur~, 
their softening, as shown in Table 4, proceeded as usual. 
That hardness of legume seeds varies with the temperature and 
moisture of the surrounding air is held by the Hamburg school of Applied 
Botany and has been shown by Stutz (19) , Behrens (1), and others to be 
true in a number of the commonly cultivated legumes, including vetches, 
lupines, alfalfa, and the red, white, and alsike clovers. It is probable that 
hardness in sweet clover seed likewise varies with the atmospheric 
moisture, but if so the variations are within limits that do not prevent high 
percentages of softening within the usual range of atmospheric moisture. 
SOFTENING OF SWEET CLOVER SEEDS STORED IN RELATIVELY UNIFORM TEMPERATURES 
That sweet clover seeds soften very slowly when stored in a labora-
tory or other rooms where the temperature is relatively uniform and kept 
above freezing has been especially noted by Harrington (7), Helgesen (8), 
Stevens (16) , and Whitcomb (20). Some reports show that sweet clover 
seed softens so slowly when stored where protected from the wide outdoor 
fluctuations of atmospheric conditions that its germination may change 
very little over a period of 10 or more years. 
A number of investigators report that hard seeds may soften con-
siderably under constant low temperatures, at least, much more than 
they do under room or laboratory temperatures. Schaffer (15), Gadd (5) , 
and Kamensky and Bogoljubowa (11) report 24 to 100 per cent softening 
of hard red clover seed under constant low temperatures. Helgesen (8) 
obtained considerably more softening of hard sweet clover seeds in a 
constant low (7°C.) temperature than occurred in a constant moderate 
temperature. On the other hand, Dunn ( 4) , who stored hard sweet clover 
seeds for 1 week in -10°C. and then from 1to10 months in 5°C., obtained 
no significant softening . 
To obtain more data on the softening effects of constant temperatures, 
the following course was pursued. Separations of hard seeds approxi-
mately 100 per cent viable were obtained from germination samples at 
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the end of the usual allotted period for germination and were stored in 
different temperatures, as shown in Table 3, in which 2 years of representa-
tive data are given. The seeds, in lots of around 100 and bagged in small 
pieces of cheesecloth, were stored both wet and dry in the respective 
temperatures. In room temperature and at 10°C., there was the least 
softening and the least difference between percentages of softening in 
the dry and wet conditions. In the low temperatures there was considerable 
softening. In occasional lots a good germination was obtained, but the 
average germination was not comparable with that of the seeds stored 
on the porch or in the open garage, as shown in Table 2. 
Tests of seeds that had been stored dry for long periods in the 
laboratory showed a high percentage of hardness. Some samples stored 
10 years averaged 80, and some samples stored 17 years still average 66 
per cent in hardness. 
In the wet storage under the higher temperatures the percentage 
germination was somewhat affected by the loss of viability of seeds that 
softened and died during the interval between tests. 
The data in Table 3 show that constant low temperatures are con-
siderably more favorable than the constant warm temperatures for the 
softening of the seeds but are in accord with the data in Table 2 in empha-
sizing the fact that fluctuations in temperature are of first importance in 
the softening process. The data in Table 3 are also in accord with the idea 
that it is in the realm of freezing that temperature fluctuations operate 
most effectively in the softening of sweet clover seed coats. (Fig. 1). 
SOFTENING EFFECTS OF NUMBER AND WIDTH OF TEMPERATURE 
FLUCTUATIONS AND OF LENGTH OF TIME OF EXPOSURE 
A single exposure to a temperature as low as -80°C. was found by 
Busse (2) to have no softening effect on hard sweet clover seeds, but a 
single exposure to the temperature of liquid air was decidedly effective. 
He reports that alternate freezing and thawing at ordinary temperatures 
as many as 20 times over a period of a few days had no softening effect on 
hard sweet clover seeds. 
Studies scattered over a period of years have been made at the Iowa 
Station on the softening effects of rapid successive alternations of tempera-
ture on hard seeds of sweet clover. Hollowell (9) found that alternating 
freezing and thawing over a period of a few days of both wet and dry 
seeds, and when accompanied by alternate wetting and drying, had no 
softening effect as shown by immediate germination tests. 
In more recent studies, samples of known hardness and hard seeds of 
separations taken from the germination blotters have been exposed to 
various alternating temperatures over periods ranging up to 20 days 
without significant softening effects. Sets of samples, kept both dry and 
wet, and exposed in loosely stoppered bottles and between blotters in 
petri dishes, in twice daily alternations of temperature from -10° to -20° 
(F.) to room temperature over a period of 20 days, were not significantly 
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Fig. 1. Graphs showing the germination of sweet clover seeds under different 
types of storage. 
TABLE 3 
OPENING OF SEED COATS OF SWEET CLOVER SEEDS STORED UNDER THE CONDITIONS STATED TN THE TABLE. THE DATA ARE THE AVERAGE PER CENT 
GERMINATIONS BASED UPON FOUR OR MORE TESTS OF EACH LoT OF SEEDS 
Percentage Germination 
Stored at -3° C. Stored at 2° C. Stored at 10° C. I Lab. 15- 25° 
1928-29 1929- 30 1928- 29 1929- 30 1928- 29 1929- 30 28- 29 I 29- 30 
Date of Tests Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet 
----------------------------------------
February . . .......... 0 3 0 10 3 4 16 20 0 1 8 3 6 2 
March . ..... . .. . .... 7 1 3 16 3 3 27 20 1 2 4 7 14 3 
April. .. . .... •...... 9 2 8 22 4 2 23 22 2 3 6 8 3 5 
May .. ...... .. . .... . 11 0 6 34 3 1 31 16 2 2 5 10 10 4 
---------------------------------------- --
Average ............. 7 l. 5 4 20 . 5 3 2.5 24 19.5 l. 2 2 6 7 8 3 .5 
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softened, although samples similarly prepared and exposed to outdoor 
temperatures from early February to the middle of March gave a high 
percentage of germination. Apparentaly neither the number nor the 
width of the normal temperature fluctuations to which the hard seeds are 
exposed can compensate for the time required for the softening process. 
SOFTENING OF SWEET CLOVER SEEDS BURIED AT DIFFERENT DEPTHS IN THE SOIL 
Records show that sweet clover seed buried well in the soil, can lie 
dormant many years with very little impairment of vitality. For example, 
Stoa (18) cites a case in which seed of sweet clover was plowed under. 
In each of the successive crops to which the field was planted during 
the following 14 years there was a good volunteer growth of sweet clover, 
and about 48 hard seeds per peck of soil still were present in the soil the 
fourteenth year. 
In the investigations at the Iowa Station of the softening at the 
shallower soil depths, the seeds were bagged in pieces of cheesecloth in 
lots of around 100 and then packed in soil-filled cylinders of screen wire 
at depths of 1, 3, 6, and 9 inches from the top end of the cylinder. The 
cylinders were then buried vertically in the soil to a depth flush with the 
soil surface. Under these conditions the seed remained from sometime 
in October until late April or after germination in the natural seedings 
in the fields was well under way. 
The cylinders were in duplicate, and one set, after being r~oved 
from the soil, was stored in the laboratory and kept moist with the object 
of checking on the germination that occurred after their removal from 
the soil to a place of more favorable temperature and aeration. The 
cylinders of soil, being only about 3 inches in diameter, permitted good 
aeration and warming of the seeds after their removal to the laboratory. 
When the cylinders were removed from the soil the seeds at the 1 and 3-
inch depths were usually germinating, whereas the deeper buried seeds 
mostly delayed germination until after the cylinders were removed to 
the laboratory, where, under the better aeration and more favorable 
temperature, there was immediate germination. For investigation of 
seeds buried at deeper depths, the samples in cheesecloth bags were 
enclosed in loosely closed bottles and small wire screen baskets, and 
those at the 30-inch depth were provided aeration by means of a gas pipe 
extending down to their location. The results over a period of years have 
not been uniform. The summarized data in Table 4 are representative of 
the usual behavior of the seeds at the different depths. 
As the data in the table show, the softening of the seeds varied 
somewhat inversely with the depth of storage and to a certain extent 
directly with the fluctuations of temperature at the different soil depths, 
as a study of the soil temperatures revealed. 
At depths of 6 inches or more, no seeds germinated in situ. The seeds 
that germinated immediately after their removal from the soil either did 
not complete their softening until they were brought to the surface or 
else, although softened, they were prevented from germinating by un-
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TABLE 4 
SOFTENING OF SEEDS AT DIFFERENT SOIL D EPTHS AS SHOWN BY THE GERMINATION 
Percentage Germination at Different Soil Depths 
1 Inch 3 Inches 6 Inches 9 Inches 30 Inches 
Species and 
--
Strains Germ. Hard Germ. H ard Germ. Hard Germ. Hard Germ. Hard 
------------------
Melilotus 
officinalis . ..... 84 14 62 32 60 32 50 46 8 90 
Melilotus alba 
(biennial ) .... 93 5 46 50 20 79 0 98 12 85 
Melilotus alba 
(Hubam) .... 92 8 64 33 76 20 10 86 10 87 
------------------
<\verage ........ 90 
1· 
. . . . . 57 . ..... 52 . . . . . 20 . ... . . 10 . . . ... 
favorable conditions at the lower soil depths. There was also very little 
absorption of water at the lower soil depths for practically all seeds main-
tained approximately their dry size until removed to the surface. At the 
lower depths the germination processes probably are prevented by un-
favorable conditions of the soil atmosphere with respect to oxygen and 
carbon dioxide content. 
It is also possible that the imbibing force of the seeds depends much 
upon chemical changes that are inhibited at the lower soil depths. Chemical 
changes in purine compounds, such as the breaking down of uric acid and 
the formation of allantoic acid, have been shown by DeGraeve (3) to 
occur in the early germinating stages of sweet clover seeds. 
Hard sweet clover seeds normally open at the strophiole as shown by 
Harnly (6) and Martin and Watt (13). It is through the strophiole that 
the water first enters the seed and contacts the endosperm, which, through 
its mucilaginous nature and imbibing power, hastens the inward flow of 
water and its distribution to the distal parts of the seed. It is obvious that 
the functioning of this mechanism can be much affected by conditions 
at the lower soil depths. 
The seeds at the soil depth of 30 inches, although aerated through 
gas pipes, remained hard. The explanation is that the temperature con-
ditions at this depth lacked the temperature fluctuations in the realm of 
freezing which are necessary to soften the seed coats. 
SUMMARY 
Hard sweet clover seeds, which generally comprise more than 50 
per cent of the seed as it comes from the harvester, were investigated as 
to the weather factors effective in opening their coats to the absorption 
of water. 
Hard sweet clover seeds in natural seedings in the field and when 
stored over the winter season in unheated open buildings where there 
was not much protection against temperature fluctuations, were found to 
soften usually 80 to 100 per cent by the middle of the following April. 
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Practically all of the opening of seed coats to the absorption of water, 
however, occurred during the period from about March 20 to April 20 at 
the Iowa Station. 
Hard seeds, wet and dry, opened equally well under the atmospheric 
fluctuations. The moisture content of the stored seeds did not apparently 
affect the amount of softening. Dry seeds softened as well under the effect 
of temperature fluctuations as those stored moist. 
Stored under constant temperatures around freezing for several 
months, hard seeds softened to a maximum of 24 per cent, but when the 
hard seeds were stored in a constant temperature of 10°C. and in fluctu-
ating temperature, 15-30°C., there was not much softening. The hard 
seeds, stored over a period of years in the laboratory where the usual 
temperature fluctuations ranged from 15 to 35°C., softened very little. 
It was found that an exposure of 2 months or more to the fluctuations 
or temperature in the realm of freezing was required to effectively soften 
the seeds. Attempts to shorten the necessary period of exposure by in-
creasing the frequencies of the temperature fluctuations failed. 
When hard seeds were buried in the soil at depths of 1, 3, 6, 9, and 30 
inches from October until late in April, the softening varied somewhat 
inversely with the depth, to the depth of 9 inches. A large percentage of 
those buried at 1 and 3 inches germinated in situ, whereas those that were 
softened at lower depths did not germinate until they were brought to 
the surface. Those at the 30-inch depth, where the soil records show that 
the temperature very seldom drops to freezing, were not changed in 
hardness. 
Evidently fluctuations of temperature in the realm of freezing, acting 
over a period of 2 or more months, are the factors that normally soften 
the hard seeds of sweet clover. 
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INTRODUCTION 
The honeysuckle leaf-blight, common and destructive on the foliage 
of several species of Lonicera, occurs in most of the northeastern states 
and adjacent provinces of Canada, but reports of its presence, distribution, 
and the nature of the causal organism have been fragmentary. 
Commonly associated with the leaf blight is Glomeru"laria lonicerae 
(Peck) Dearness and House, and this fungus appears in the literature to 
be implicated in causing the blight. Recently the presence of a basidiomy-
cete was discovered by James Sinden3 in the diseased areas of the leaves 
of Lonicera. This fungus is described and named in this paper. The 
following study contributed also to the knowledge of the life history of 
the causal organism, the host-parasite relationship1 and the influence of 
environmental conditions on the response of the pathogen, as well as its 
geographic dfstribution and host range. 
DISTRIBUTION AND HOST RANGE 
The geographical range of G. lonicerae roughly comprises the north-
eastern and north central portions of the United States and adjacent areas 
of Canada. The states in which the fungus has been found are Massa-
chusetts, New York, Michigan, Wisconsin, Iowa, and the provinces of 
Canada: Ontario, Quebec, Prince Edward Island, Manitoba, and New 
Brunswick. G. lonicerae also has been reported in Newfoundland. Thirty-
three species and varieties (Table 1) of Lonicera have been found to be 
hosts, 22 of which a.re new. Infection trials showed that Symphoricarpos 
albus also was susceptible. 
DEVELOPMENT OF THE PATHOGEN ON THE HOST 
SYMPTOMS AND SIGNS 
Some of the first honeysuckle leaves to develop in the springs of 1940 
and 1941 exhibited typical leaf blight symptoms. The first symptom 
1 Journal Paper No. J-1258 from the Botany and Plant Pathology Section of the 
Iowa Agricultural Experiment Station, Ames, Iowa. Project No. 478. Taken from a 
thesis submitted to the faculty of the Graduate College in partial fulfillment of the 
requirements for the degree, doctor of philosophy. · 
'Now Research Plant Pathologist, Western Washington Experiment Station, Puy-
allup, Washington. The author wishes to express bis sincere appreciation to Dr. I. E. 
Melhus and Dr. J. E . Sass for their counsel during the study and in the preparation 
of the manuscript. 
' Sinden, James, State College Pennsylvania, Private Communication, 1940. 
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TABLE 1 
H OST RANGE O F G. lonicerae ON SPECIES O F LONICERA AND S YMPHORICARPOS 
Host * 
Lonicera species .. .. 
Literature t 
New Brunswick 
(7, 8, 9) 
amoen'l Zab . . . ... . ... . . . . ... . ...... . . . . 
bella Zab .... . . . ....... . . .. . . ..... . . .. . 
bella var. atrorosea Zab . . .. . . . . . .... .. . . . . 
bella var. caniida Zab.. Ontario (5) 
canadensis Marsh. . . . . Wisconsin (10) 
New York (11 , 13, 
21) 
Manitoba (2) 
coerulea L . . .... . .. . . .. . . ... . ...... . 
dioica L. . . . .. . . .. .. . . . . . . . .. . .. . . ... . . 
discolor Lindi.. . . . . . . . Ontario (5) 
gracitipes Miq . . . .. . . . .. . . .. . . ... . ... .. . 
korolkowii Stapf.. . . . . . . .. ...... ... . ... . 
korolkowii var.Jloribunda 
Nichols .... .. ......... . . ... . . . . .. .. . 
maackii Max. . . . . . . . . . ...... . .. ... . . . . . 
minutiflora Zab. . . . . . . . . . .. . ...... . . . ... . 
morrowii A. Gray . . . . . . . . . . . .. . .. .. ... . 
morrowii var. xantlto-
carpa T eus . . . .. .. ....... . .... .. . .. .. . 
muendeniensis R ehd. . . . . . .. . . . . . . . . . . ... . 
nrrvosa Max. . . . . . . . . . . . . ... .. . . . . . . ... . 
notha Zab .. . ... ... . ... . ...... . .. . . . .. . 
oblongifolia (Gold.) 
Hook. . . . . . . . . . . . . Wisconsin (10) 
orientalis Lam. . . . . . . . Ontario (5). 
prol!f era (Kirchn.) 
Rehd ... . . . . . . .. . . .. . ..... . . . .. . .. . . 
prostrata Rehd . .. . ....... . . . ... .... . _ . . . 
quinquelocularis Hard w. . . .. . . . . .... . .. .. . 
ruprechtiana Reg .. . .. .. .... .. ... . .. .. ... . 
sempervirens L. . . . . . . . . . . . .. . .. . ..... . 
talsienensis Franch . . . . . 
tatarica L ... ... _ . . . . . Quebec (6, 7, 8) 
tatarica var. alba 
Prince Edward 
Island (8) 
Manitoba (2) 
Loisel. . . . . . . . . . . . Iowa (12) 
tatarica var. angustijolia 
(Wend.) Kirchn . .. . 
tatarica var .. latifolia 
Loud . . .. ... . . . .. . 
talarica var. pollens 
Rehd . ......... .. . 
tatarica var. rosea Reg . . 
i•ilmorinii R ehd . ..... . 
Sjimphoricarpos albus Blake . . . .. . . . ... .. .... . 
Communications 
Wisconsin 11 
Ontario 
Quebec 
Newfoundland 
Michigan •• 
Iowa tt 
Investigations 
by Author 
Natural Artificial 
Infection i Infection§ 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
* Authorities and spelling after R ehder (Alfred Rehder. Manual of Cultivated Trees and 
Shrubs. M acmillan Co., N . Y. 1940) unless otherwise noted. 
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usually observed was a slight yellowing of the diseased portion of the 
normally green leaf. This change appeared 10 to 18 days after exposure 
to infection. Occasionally the color change was preceded by a very slight 
rolling or crinkling which developed 8 or more days after repeatedly ex-
posing very young leaves to basidiospores. 
The yellow-green diseased area became tan colored within 3 to 6 
days, but the color change was not uniform over the entire area. The 
veinlets and small portions of the islands bounded by the veinlets became 
tan or brown sooner than other parts. This difference gave the diseased 
area a somewhat speckled appearance when viewed with a dissecting 
microscope and was caused by necrosis of scattered cells usually in the 
border parenchyma. In contrast to the appearance of the veinlets, the 
veins retained their green color until the remainder of the diseased area 
had turned brown (Fig. 1). Advanced stages of the disease appeared as 
necrotic, dry, brown areas involving either an entire leaf or portions of it. 
Leaves with large diseased areas usually became rolled and twisted (Fig. 
2) and often fell earlier than healthy leaves. The yellow-green borders 
between the diseased and healthy tissues were very indistinct in the 
earlier stages of infection but became slightly more definite later. 
Signs of the disease were confined to the sporulating stages of the 
causal agent. Two spore forms occurred: basidiospores (Fig. 3) and 
conidia (Fig. 4) . The former appeared before the latter and always de-
veloped on the diseased portion, usually the lower surface of the leaf, 
under humid and moderate temperature conditions. Appearance of the 
basidia, as evidenced by a thin, whitish layer, did not occur until the tan 
stage of the disease. Such basidial-bearing leaves were observed in the 
spring, summer and fall during and after every period of prolonged pre-
cipitation. 
The conidial stage, which was less common than the basidial, appeared 
as a white powdery mass on either surface of the leaf but more frequently 
on the lower. It developed most abundantly on leaves that were entirely 
diseased and in a shaded location. Conidia-bearing leaves always could 
be found during the summer, fall, and early winter on the ground beneath 
bushes that had borne diseased leaves. In such locations the leaves, which 
were covered by other leaves and thereby kept moist, bore the most 
conidia. 
H ISTOLOGICAL OBSERVATIONS 
Methods: To observe host-parasite relationships at intervals after in-
fection , leaves of Lonicera bella candida were collected, 3, 8, 12, 15, and 22 
t Numbers refer to " Literature Cited ." 
t Observa tions at the Arnold Arboretum, Cambridge, Massachusetts (August, 1940), 
Iowa State College Campus, and Horticultural Farm, Ames, Iowa (1940 and 1941 ) . 
§Results of greenhouse and field inoculations, Ames, Iowa (1940 and 1941). 
II Dorothy E. Gould. Puyallup, Wash. Observations and collections during summer, 
1941 , Lake Geneva, Wis. Private Communication. 1941. 
D . H . Linder . Cambridge, Mass. Specimens of G. lo11icerae in Farlow Cryptogamic 
H erbarium, Harvard University, Cambridge, Mass. Private communication. 1941. 
** I.E. Melhus. Ames, Iowa. Private communication. 1941. 
tt G. C. Kent . Ames, Iowa. Private Communication. 1940. 
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Fig. 1. Typical symptoms on infected Lonicera bella candida leaves. 
Fig. 2. Leaves destroyed on L. bella candida as a result of a heavy infection of young 
leaves. 
days following exposure to infection; they were killed, sectioned, and 
stained. A weak, chrome-acetic acid-formalin solution was used for kill-
ing, followed by dehydration in dioxan and imbedding in paraffin. A 
safranin-fast green combination was used to stain general structures; and 
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Fig. 3. White layer of basidia on lower surface of infected Lonicera bella candid.a 
leaves. 
Fig. 4. White layer of conidia on lower surface of infected Lonicera candida leaves. 
iron haematoxylin was used to stain nuclei. Sections were cut from 5 to 
18 µthick . Gross structure was observed in sections mounted in a solution 
of lactophenol and cotton blue. 
Observations: No hyphae were observed prior to the twelfth day, 
although hundreds of sections from the third and eighth-day collections 
were examined. On the twelfth day hyphae were abundant in the xylem 
(Figs. 5 and 6) . Intercellular mycelium was not found. 
Sections of the fifteenth-day set exhibited abundant intercellular 
hyphae within the xylem and also some intercellular hyphae in the spongy 
mesophyll and palisade tissues (Fig. 8). Hyphae also were present within 
dead upper epidermal cells, border parenchyma, and other mesophyll 
cells (Figs. 7 and 9-14), which indicated that the hyphae probably pene-
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Figs. 5 and 6. Intracellular mycelium in tracheids. 
Fig. 7. Intracellular mycelium in mesophyll above vein . 
Fig. 8. lntercellular mycelium. 
Figs. 9-14 incl. Development of hyphal masses in upper epidermal cells. (9 to 13) 
from cross section, (14) from surface view of leaf. Stippled masses in host cells 
represent gum-like deposits. 
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trated from the xylem through dead border parenchyma cells and thence 
into intercellular spaces. In the border parenchyma and mesophyll the 
hyphae never completely filled the cells, as they usually did the upper 
epidermal cells. 
By the twenty-second day both intercellular and intracellular hyphae 
were very abundant, the latter filling numerous upper epidermal cells. 
Basidia, arising from hyphae in substomatal cavities, were present on the 
lower leaf surface. 
Both intercellular and intracellular hyphae were septate, hyaline, 
occasionally branched, and lacked clamp connections. The older portions 
of such hyphae were practically devoid of protoplasm, whereas the younger 
growing tips were densely filled. Measurements of 100 hyphae gave a 
range of 1.4 µto 3.7 ~t and an average of 2.2µ in width. 
Some of the intercellular hyphae were congregated in the substomatal 
cavities, giving rise first to basidia and later to conidia. Each intercellular 
space between the palisade cells in the diseased area usually was occupied 
by a hypha by the time the basidia had formed. Some of these hyphae 
penetrated into upper epidermal cells, where they formed cellular masses. 
Host cells were noticeably affected by the presence of the pathogen. 
In sections collected the twelfth day, scattered dead border-parenchyma 
and other mesophyll cells were found adjacent to or near veins containing 
hyphae. Many more cells were dead by the fifteenth day, and, as before, 
most of these were of the border parenchyma, but a few were mesophyll 
and epidermal cells. Cells into which hyphae had penetrated, such as those 
of the upper epidermis, always were dead. By the time conidia had begun 
to develop, almost all of the lower epidermal cells, as well as many cells 
in the spongy mesophyll and some in the palisade and upper epidermal 
layers were collapsed. Very often at this stage all cells in a certain area, 
such as that above veins, were dead. Sections collected on the twenfy-
second day contained numerous dead cells. Most lower epidermal and 
,many spongy mesophyll cells were so crushed at this stage that in cross-
section they often could not be distinguished from old pieces of hyphae. 
Hyphae ordinarily were found in close association with dead cells; 
sometimes in contact and sometimes within the cells. Some dead cells, 
however, were observed not in contact with hyphae, and some healthy 
cells were found in contact with the fungus. As a general rule, though, it 
appeared that contact of a hypha and cell soon led to the death of the 
latter. 
Dead cells ordinarily were conspicuous by the presence of a dark-
staining gum-like mass within them. Such a mass often rendered obser-
vation of mycelium within dead cells difficult. 
Hyphal masses in honeysuckle leaves generally were found in epi-
dermal cells above veins or veinlets. They usually arose from a binucleate 
hypha which penetrated into the cell from intercellular binucleate my-
celium in the palisade parenchyma. The host cells always were dead at 
the earliest observed stage of hyphal penetration, and the protoplasm was 
gum-like and usually massed in the lower portion of the cell. Continued 
development of the hypha resulted in formation of a compact hyphal 
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mass completely filling the host cell and somewhat distending the walls. 
When such a mass was examined from above the surface of the leaf, the 
hyphae appeared more or less coiled. Most of the cells of such hyphae 
were filled with protoplasm of moderate density, but the hyphal tips, which 
were congregated near the upper host wall, contained very dense proto-
plasm. The hyphal cells were binucleate. 
Continued enlargement of the hyphal mass ruptured the upper epi-
dermal cell wall. Several hyphal tips then emerged, becoming slightly 
constricted as they did so, and grew out over the leaf surface for a dis-
tance of about twice the length of the host cell. Under very moist condi-
tions these hyphae developed to 5 or 10 times their normal length and 
became septate and sometimes branched. Such protruding hyphae never 
were observed to bear spores or to penetrate adjacent cells. 
Similar hyphal masses have been described by Lind (16) and Jackson 
(14) for Herpobasidium filicinum (R.) Lind. Both authors describe them 
as coiled hyphae, and Jackson noted the binucleate condition of their cells. 
Lind suggested that they might be reservoirs of nutritive materials, and 
Jackson referred to them as haustoria. 'Similar hyphal coils were ob-
served by Lind (17) in H. struthopteridis (R.) Lind. 
Basidia: The basidial stage was first noticeable on the lower surface 
of the leaf as a thin, whitish, appressed layer consisting of basidia arising 
from internal hyphae. This layer became somewhat thicker under con-
tinued moist conditions, a phenomenon attributable to the abnormal elon-
gation of basidia and sterigmata and germination of discharged basidio-
spores lodged on the leaf surface. There was no evidence of a mycelial 
layer comparable to a rudimentary hymenium. 
Basidia arose in the substomatal cavities from hyphae which were few 
in number at first but later became very abundant (Figs. 15 and 16). A 
few basidia were observed whose connection with hyphae could definitely 
be traced and the shape of their basal portion ascertained. Some of the 
latter were straight and cylindrical in shape (Fig. 18), whereas others 
were somewhat swollen at the point of contact with guard cells (Fig. 17). 
Such swellings appeared to be a result of pressure rather than of normal 
development. 
The basidia emerged from stomata as straight cylindrical structures 
which became curved upon continued growth until they were semi-
circular in shape and touched, or almost touched, the leaf surface (Figs. 
20-24) . The diameters of these "semicircles" ranged from 14.0-35.1 µwith 
an average of 23.4 µ in measurements of 30 basidia; the width of these 
basidia ranged from 2.3-5.8 µwith an average of 4.4 µ. 
Four small protuberances next appeared on the curved basidia at 
more or less regular intervals and developed into conical sterigmata. 
Measurements of 45 of these ranged from 7.0 µ-16.4 µ x 1.9 µ-4.7 µ with an 
average of 10.3 µ x 2.6 µ. Under extremely moist conditions the sterigmata 
continued to elongate without producing spores. Three or four septa 
appeared in the basidium soon after initiation of sterigma formation, and 
the development of spores soon followed. Basidial cells at this stage 
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were rather highly vacuolated as contrasted to the dense protoplasmic 
condition in the young basidia. The basidia collapsed soon after spore 
discharge. Basidia continued forming and emerging from substomatal 
hyphae until often six or more were present at each stoma. Such a devel-
opment usually resulted in rupture of the adjacent host cells which already 
had been killed. 
Basidia usually developed on lower leaf surfaces under natural con-
ditions, but when diseased leaves were inverted and placed in a moist 
chamber the basidia appeared on the upper surface as well. Under such 
conditions they developed from hyphae within the upper epidermal cells 
and became intermingled with the hyphae protruding from the cellular 
hyphal masses. 
The nuclear cycle in the basidium was similar to that of many of the 
basidiomycetes. From the binucleate hyphae below the stomata, a pair 
of nuclei migrated into the young basidium as it emerged from the stoma 
(Figs. 25-34). These nuclei fused; the fusion nucleus divided; and the 
resulting two nuclei migrated to opposite ends of the basidium. This 
division occurred about the time that sterigmata began to form. These 
nuclei then divided again. After the second division, crosswalls developed, 
forming four uninucleate cells. Each nucleus migrated from the basidial 
cell into the spore when the latter was about half mature, and the nucleus 
became definitely elongated as it passed through the narrow portion of 
the sterigma. The nuclei were relatively small in comparison with nuclei 
of host cells and were often difficult to discern. Distinct chromosomes, 
which were apparently few in number, were observed only a few times. 
Basidiospores: Basidiospores first appeared as small hyaline protu-
berances at the end of sterigmata and enlarged gradually until they 
reached mature size. Discharge followed formation of a water drop near 
the junction of the spore and sterigma. The mature spores were hyaline, 
uninucleate and cylindrical with rounded ends except for the presence 
of an apiculus at the attached end (Fig. 35). Only one spore was pro-
duced on each sterigma. One hundred basidiospores collected on plain 
agar and measured immediately ranged from 8.9 ~t-12.9 µ x 5.2 µ-7.5 µ, 
with an average of 10.9 µ x 6.6 µ in size. 
Various factors were tested for their influence on basidiospore forma-
tion and discharge to determine the exact conditions required for the 
production of sufficient inoculum for infection trials. The relation between 
the stage of disease and basidiospore development was tested by the fol-
lowing method. Diseased leaves that did not exhibit basidia were divided 
into four lots ranging in stages of disease from yellow-green to brownish-
black. These leaves (40 to 50) were then affixed with agar to the inner 
side of the lid of a petri dish, the bottom of which was partially filled with 
2 per cent plain agar to maintain a high humidity. The dishes were placed 
at 20°C. and were examined daily for spore discharge from each leaf, as 
evidenced by a visible deposit on the agar beneath the leaf. 
Basidia and basidiospores did not form on leaves until the infection 
had developed to the point where the tan stage of disease was evident. 
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Figs. 15 and 16. Extent of mycelium within leaf at time of basidial formation . 
Fig.17. Immature basidium with swollen base. 
Fig. 18. Immature basidium with straight base. 
Fig. 19. Extent of mycelium within leaf at time of conidial formation . 
Figs. 20--24 incl. Stages in development of basidium. 
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By this time the fungus had reached a stage of development where sporu-
lation occurred within 24 hours when such leaves were placed at 20°C. 
in a moist environment. 
Other factors tested and the general results obtained were as follows: 
The optimum temperature for basidiospore discharge was between 14° 
and 21°C.; discharge continued longer at 11°C. (for 8 days) than at 5°' 
18°, and 28°C.; more discharge occurred at relative humidities of 89.9 
Figs. 25-34 incl. Nuclear cycle during basidial development. 
Fig. 35. Basidiospores. 
Fig. 36. Uninucleate sporidia. 
Fig. 37. Germ tubes from basidiospores. 
Fig. 38. Secondary spores from basidiospores. 
per cent and 100 per cent than at lower ones; and the number of basidio-
spores discharged from an infected leaf section (9x19 mm.) was estimated 
at 974,700 over the 91 hours. 
Conidia: Conidial development followed basidial formation on the 
same area or at the margin of it. Conidia sometimes began forming before 
basidial production had ceased, and under such conditions the conidio-
phores became intermingled with the basidia. When abundant, the conidia 
formed a white powdery layer. 
Conidiophores developed from binucleate hyphae of the same general 
size and shape as those from which basidia had previously formed (Fig. 
19). The young binucleate conidiophores were of the same general shape 
at emergence through the stomata as were basidia and possessed basal por-
tions which were sometimes uniform in size and sometimes slightly swollen 
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at the point of contact with guard cells. Only one conidiophore usually 
emerged from a stoma at first, but this one was soon followed by several 
others until three or more were present in a clump. 
The young condiophores were binucleate, cylindrical, and densely 
filled with protoplasm (Figs. 39-47). As they developed, they soon be-
came swollen to about twice their original size, and their terminal portion 
became separated from the basal part, first by a slight constriction, later 
by a septum. A binucleate protuberance next appeared just below the 
septum, enlarged to a size approximating that of the terminal portion, and 
was cut off by a cross wall from the stalk cell. From each of the two 
apices, two other binucleate protuberances developed in succession. Each 
of the original two cells became transformed into stalks, and the four 
terminal cells developed into spherical binucleate conidia. While the 
latter were still immature, two additional binucleate protuberances began 
to form, one on either side and below the junction of the two stalk cells. 
Such structures enlarged and became transformed into sessile, conidia-
like bodies. Instead of being spherical like the others, however, they were 
elongated. Beginning with the oldest spores, which were the inner and 
the smallest"ones, all conidia became verrucose as they reached maturity. 
When the conidia dropped off they usually did so as a clump rather than 
individually. The thin-walled upper portion of the conidiophore then 
collapsed, but the swollen, thick-walled basal portion remained erect. 
Measurements of conidia and conidiophores are recorded in Table 2. 
Measurements of length and width are given for the elongated conidia, 
T ABLE 2 
MEASUR E MENTS OF C ON lDlA A ND C ON!DIOPHORES 
Size in Microns 
"true tu re 
Type of Conidia 
O uter . .. ................ . .......... . 
Inner .. . . . 
Range 
10 .2-17.0 
8 . 5- 13 . 6 
Elongated . . . . . . .. . ... . . . . 5. 1- 13. 6 x 11 . 9- 22 . 1 
Conidiophore 
Width of upper p r tion . . . . . . . . . . . . . . . 
Width of lower portion . . . . .. . ........ . 
Total length .. .... . 
2. 7- 5 . 1 
5. 8- 8 . 5 
30 . 6- 54 -4 
Average 
12 .6 
11 . 3 
9 .3X17 . 0 
3 .7 
7 . 1 
40 .8 
but only the diameter is given for the other conidia, since they were 
nearly spherical. The three types of spores differed considerably in size. 
Of particular interest is the fact that the average diameter of the inner 
conidia was 1.3 µ less than that of the outer conidia. Other differences 
between these two types of spores have been observed and will be dis-
cussed in later paragraphs. 
A short time before the terminal cell was cut off from the remainder 
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of the young conidiophore, a septum developed about midway between 
it and the conidiophore base. Another enlargement usually formed just 
beneath this septum and developed into a conidiophore and conidial mass 
similar to that of the original stalk. The protuberance received its nuclei 
by a pair migrating from mycelium within the leaf. All later stages were 
binucleate. This second group was about half mature by the time the first 
~~R 
42 43 44 
\ 
45 
48 
Figs. 39-47 incl. Stages in the development of conidia showing nuclear condition. 
Fig. 48. Conidial germin ation. 
group was completely developed. Occasionally more than one branch 
conidiophore developed from the original stalk, but this was unusual. 
A definite difference of spore reaction was noticed with each of the 
following stains: iron-haematoxylin, gentian violet, fast green, and cotton 
blue. The outer two spores in each clump were stained darker, and their 
contents appeared more homogenous than those of the other spores. With 
the iron-haematoxylin stain the nuclei of the outer spores appeared very 
dense, whereas those of the inner spores and stalk cells were larger and 
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less dense (Figs. 39-47). These reac"tions were interesting, since only 
rarely did any spore other than the outer type germinate when the 
conidia were placed under various conditions of temperature, light, etc. 
The conidia were definitely binucleate, but different methods usually 
were necessary to distinguish the two nuclei in the different spores. 
Nuclei in the inner and elongated conidia were stained best when the 
spores were dusted on agar on a slide, partially dried, killed, and stained. 
Nuclei of the outer conidia were demonstrated best in leaf sections cut in 
paraffin and stained. 
Experiments to determine the effect of various factors on conidial 
formation showed that changes of temperature and the stage of the disease 
influenced conidial formation more consistently than any of the other 
factors studied. The effect of the stage of the disease was determined by 
collecting nonconidial-bearing, diseased leaves and dividing them into two 
lots, one exhibiting the yellow-green to tan color stages of disease and the 
other the brownish-black stage. These lots were wrapped separately in 
moist cheesecloth and placed in an incubator at 15°C. After 5 days conidia 
were present on only 2.5 per cent of the 120 leaves exhibiting the early 
stages of disease, whereas 20.0 per cent of the 105 leaves exhibiting the 
later stages, bore conidia. This tendency for conidia to develop most 
abundantly on. older leaves has been observed in other experiments and 
in the field. Additional studies indicated that conidial formation was 
~ore abundant at intermediate (8, 11, 13, and 18°C.) than at extreme 
(5, 23, 25, and 31°C.) temperatures. 
CHARACTERISTICS OF THE PATHOGEN IN PURE CULTURE 
A study was made of the pathogen in pure culture. Preliminary 
trials had demonstrated that the organism grew freely, although slowly, 
on artificial media. Additional experiments were made to determine the 
rate of growth, longevity, and sporulation of mycelium in culture. 
Mycelium was hyaline, septate, occasionally branched in culture, and 
lacked clamp connections. Hyphal fusions never were observed. Hyphal 
width ranged from 1.4 µ-3.7 µ and averaged 2.2 µ for 208 measurements. 
This is the same average width as that found for hyphae in diseased 
leaves. Aerial mycelium appeared white on agar and submerged mycelium 
a very light tan. Two distinct areas of surface growth normally were 
present, a thin peripheral and a thick central growth, the latter develop-
ing at the point of inoculation. 
Usually the aerial mycelium made a uniform, rather loose, pubescent 
growth, but sometimes it became matted or tufted. The characteristic 
type of growth, with slight variations, appeared on potato-dextrose agar, 
carrot-decoction agar, oatmeal agar, cornmeal agar, malt agar, and Loni-
cera leaf decoction agar, but on sterilized Lonicera leaves the growth was 
thin and villous. 
Mycelial growth was exceedingly slow in culture. The rate of growth 
of mycelia arising from single basidiospores, from masses of basidiospores, 
and from clumps of conidia was determined by the following experiment. 
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Spores, or spore masses, were transferred on agar blocks of the same size 
to carrot-decoction agar slants. After 29 to 40 days the rate of growth was 
determined by measuring the length of mycelial growth in the tubes. The 
average daily growth from single basidiospores was 0.14 mm., from conidial 
clumps, 0.28 mm., and from masses of basidiospores, 0.41 mm. 
LONGEVITY OF MYCELIUM IN CULTURE 
Some difficulty was experienced in keeping the organism viable in 
culture. The two factors which were assumed to have the greatest effect 
on such viability were temperature and drying of the substratum. The 
effects of both were tested in the following experiment. Masses of basidio-
spores on approximately equal portions of carrot-decoction agar were 
transferred to separate carrot-decoction agar slants. Eight days later, 
when all transfers exhibited mycelial growth, four tubes were placed in 
each incubator, held at the following temperatures: 10, 18, 26, and 33°C. 
Four more slants also were placed at 18°C. in a desiccator containing 
calcium chloride in order to test the effect of drying on viability of the 
mycelium. Isolates were made at intervals from each of these cultures 
by transferring portions of the mycelium to carrot-decoction agar slants. 
Mycelium died much sooner at high than at low temperatures. It 
was no longer viable at 33°C. at the end of 13 days but was still viable at 
10°C. after 147 days when the experiment was discontinued. The time 
0£ mycelial death was intermediate at 18 and 26°C. Cultures that were 
dried rapidly at 18°C. lost their viability much sooner than cultures at 
the same temperature allowed to dry more slowly under normal conditions. 
One of the primary objectives of the cultural studies was to determine 
whether one spore form could arise from a plating of the other on artifi-
cial media. This objective was partially achieved in preliminary experi-
ments when conidia developed in cultures that had originated from a mass 
of basidiospores. Such results made it desirable to determine whether 
conidia would arise from single basidiospore isolates. 
Several platings were made of single basidiospores and, for compara-
tive purposes, of masses of basidiospores and of single clumps of conidia. 
Pairings were made later of different combinations of mycelia from some 
of the single basidiospore isolates. All platings were made from May to 
July, 1941, and examined at intervals until February 2, 1942, when a final 
examination was made. 
Basidiospores did not form in any of the cultures, whereas conidia 
developed from all types of isolates. Conidial formation occurred in the 
following percentage of trials from the various types of isolates (Table 3): 
66 per cent of massed basidiospores, 68 per cent of single basidiospores, 
70 per cent of paired mycelia, and 79 per cent of conidia isolates. This 
tendency of conidial isolates to develop conidia more frequently than other 
types of isolates also had been observed in previous cultural trials. Single 
basidiospores generally gave rise to conidia later and masses of basidio-
spores earlier (about 3 to 6 weeks after plating) than did the conidial and 
paired. mycelial isolates. Many isolates of all types failed to develop 
• 
• 
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TABLE 3 
PRODUCTION OF CONIDIA IN CULTURE BY VARIOUS TYPES O F ISOLATES 
Number of Cultures Exhibiting None, Total 
Few, Several, and Many Conidia No. of 
No. of Spore Forms and Mycelia Cul-
Tests Plated on Agar None Few I Sev: ral Many tu res 
9 Single basidiospores .......... 12 19 1 38 
2 Mass of basidiospores .. .. . . . .. 11 14 7 0 32 
1 Single clumps of conidia . ..... 3 9 2 0 14 
1 Paired cultures of mycelia from 
single basidiospore isolates . . 6 8 3 3 20 
conidia in these experiments and in other cultural trials. This behavior 
may be associated with the same factor causing the erratic appearance of 
conidia on naturally infected bushes. 
The growth of mycelia from single basidiospores was relatively slower 
and that from masses of basidiospores relatively faster than that from 
other types of isolates. 
NAME OF PATHOGEN 
The name Glomerularia lonicerae (Pk.) D. & H. has been applied to 
the pathogen up to this point for the sake of a logical elucidation of its 
historical and structural characteristics. The discovery of a basidium, 
however, necessitates the use of a name based upon this structure, since 
it represents the perfect stage. 
The basidial stage is characterized by curved, four-spored, trans-
versely septate basidia which emerge through stomata from hyphae within 
honeysuckle leaves; do not form hymenia; and develop intracellular 
masses of mycelium in addition to intercellular mycelium. These charac-
teristics place it in the genus Herpobasidium, one of the Auriculariaceae. 
The genus Herpobasidium was composed of two species, both para-
sitic on ferns. It was erected by Lind (16) in 1908 to accommodate a 
fungus previously described independently as Gloeosporium filicinum by 
Rostrup (22) and as Exobasidium brevieri by Boudier (3) . Instead of 
presenting a formal description of the new genus and species, Lind gave 
merely a general discussion. The most pertinent facts contained in this 
discussion are as follows: 
The fungus begins to appear on fern leaves as soon as they reach 
their mature size, apparently in May or June. Hyphae, which have formed 
in the substomatal cavities, emerge through stomata, creep along the epi-
dermis and form a nongelatinous subiculum upon which basidia are pro-
duced. These areas appear as small white flakes on the under side of the 
leaf and are about 1 mm. thick, 2 mm. wide, and 4 mm. long. The basidia 
are two-celled and measure 9 µ x 40-50 µ. They develop two sterigmata 
and two spores, the latter of which are pear-shaped, hyaline, unicellular 
and measure 5-8 µ x 10-18 ~t in size. Mycelium within the leaf is both 
intercellular and intracellular. The latter, which occurs in scattered cells, 
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develops about the same time as does the subiculum. Such intracellular 
mycelium is coiled and at first hyaline, later brownish. The organism 
apparently over-winters as perennial mycelium in rhizomes. 
Jackson (14) also studied this species and found a prevailing binucle-
ate condition prior to basidial formation. The two nuclei fuse in the 
basidium; the fusion nucleus divides once; and each of the two spores 
receives a nucleus. He was unable to germinate the basidiospores in pre-
liminary experiments. 
Lind (17) later renamed a parasite on Struthopteris germanica Willd. 
as Herpobasidium struthopteridis (Rostrup) Lind but failed to accom-
pany it with an adequate description. This parasite resembles H. filicinum 
in possessing intracellular coils of mycelia and in being apparently per-
ennial but differed by causing deformations of the host. 
The Lonicera pathogen differs from both of the known species of 
Herpobasidium. It resembles H. filicinum by being a leaf parasite, develop-
ing intracellular masses of mycelium, producing basidia on nongelatinous 
hyphae and causing indirect cortical necrosis. It differs by not possessing 
an exterior subiculum, having four-celled basidia and developing masses 
of mycelia instead of coiled hyphae within the host cells. 
The meager description by Lind of H. struthopteridis makes a com-
parison of it with the Lonicera pathogen rather difficult. Lind merely 
pointed out that the pathogen was parasitic on ferns, caused them to be-
come deformed, and produced the characteristic coils of mycelium within 
host cells. Otherwise it was apparently similar to H. filicinum. The honey-
suckle pathogen appears to be distinct from this species. Therefore, since 
it differs from both H. filicinum and H. struthopteridis, it is believed to 
be a new species of the genus Herpobasidium. 
The specific name selected for the pathogen is deformans to designate 
the rolling and twisting of leaves which are attacked. The complete name 
for it then becomes H. deformans and is so described. 
Herpobasidium deformans sp. nov. 
Syn. Herpobasidium foliodistortum Gould, nomen nudum. Rept. 
Iowa Agr. Exp. Sta. 1942-43 (I) p. 136. Rev. Appl. Mycol. 23: 331. 1944. 
Maculis subcircularibus, subinda confluentibus, foliique paginam 
£ere totam occupantibus, brunneis; basidiis hypophyllis, arcuatis, 3-sep-
tatis, 2.3-5.8µx14.0-35.l µ; sterigmatibus conicis, 1.9-4.7 x 7.0-16.4 µ; 
sporis hyalinis, cylindricis, 5.2-7.5 x 8.9-12.9 µ; conidiis globosis aut 
elongatis, asperulis, hyalinis, in binis tres: interioribus, 8.5-13.6 µ, exteriori-
bus 10.2-17.0 µ, lateralis 5.1-13.6 x 11.9-22.1 ~t, caducis in glomerulos. 
Hab. in foliis vivis Lonicerae bellae candi.dae in America boreale. 
Herpobasidium deformans sp. nov. 
Syn. Herpobasidium foliodistortum Gould, nomen nudum. Rept. Iowa 
Agr. Exp. Sta. 1942-43 (I), p. 136. Rev. Appl. Mycol. 23: 331. 1944. 
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Basidia forming a thin effused whitish layer on lower leaf surface, 
emerging through stomata; at first straight, later becoming recurved, and 
four-celled by formation of transverse septa 2.3- 5.8 µ x 14.0-35.1 µ; sterig-
mata conical 1.9-4.7 µ x 7.0-16.4 µ; basidiospores uninucleate, hyaline, 
cylindrical, 5.2-7.5 µ x 8.9-12.9 µ, often germinating by repetition, by 
forming secondary spores, or directly by germ tubes, capable of infecting 
honeysuckle leaves; conidia often developing later in or adjacent to areas 
occupied by basidia, producing in mass a white powdery layer, developing 
from branched conidiophores; latter emerging through stomata, becom-
ing 5.8-8.5 µwide at base, 2.7-5.1 µ wide at top and 30.6-54.4 µ long, basal 
portion thick-walled at maturity, upper portion thin-walled and collaps-
ing; conidiophore giving rise to six hyaline, verrucose, binucleate spores, 
four of these spherical and formed in pairs on stalks, the two outer ones 
measuring 10.2- 17.0 µ and the two inner ones 8.5-13.6 µ; the other two 
spores forming at junction of the two stalks, elongated, 5.1-13.6 µ x 11.9-
22.1 µ; spores dropping from conidiophore as a clump; only outer two spores 
capable of germination, this by germ tubes; conidia apparently unable to 
infect honeysuckles. Ames, Iowa. Nov., 1942, on Lonicera bella candida. 
Iowa State College Herbarium. Type. 
Conidial stage reported from Massachusetts, New York, Michigan, 
Wisconsin, Iowa, Ontario, Quebec, Prince Edward Island, Manitoba, 
New Brunswick, and Newfoundland. 
It should be pointed out that the name, Glomerularia lonicerae (Pk.) 
D. & H., is a nomen nudum. This name was listed but the plant never 
described as a new species by Dearness and House (11) in 1921. They 
gave as a synonym for it G. corni var. lonicerae Peck, but Peck (20, 21) 
never published such a name, although he did record collections of G. 
corni on Lonicera species. 
GERMINATION OF BASIDIOSPORES AND CONIDIA 
To contribute to our understanding of the life cycle of the pathogen, 
experiments were conducted to determine the type of germination of 
basidiospores and conidia. The influence of environmental factors on 
spore germination was tested to determine the optimum conditions for 
infection. In addition, the longevity of spores was determined in order to 
predict the length of time that inoculum could remain viable. 
Basidiospores and conidia differed considerably in their methods of 
germination on agar. The latter germinated only by germ tubes, whereas 
two types of germination were characteristic of basidiospores. Some of 
the latter spores formed uninucleate germ tubes (Fig. 37), and others 
produced uninucleate secondary spores at the end of slender hyphae 
(Fig. 36) . The formation of each of these germination types often was 
retarded a step by the development of another spore that was similar in 
shape but slightly smaller than a basidiospore. This spore was produced 
on the end of a sterigma-like outgrowth from a basidiospore and germi-
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nated either in situ or after detachment to produce either secondary spores 
or germ tubes (Fig. 38). Nonnal germ tubes that had developed from 
basidiospores occasionally produced the sterigma-like structures and 
spores. The shortest period found for basidiospore germination was 13/4 
hours. Germination usually occurred at the end or side adjacent to the 
apiculus. Basidiospores that produced secondary spores usually germi-
nated before those that developed germ tu bes. Both types of germina-
tion occurred on water and carrot-decoction agars, but the type with 
secondary spores was more abundant on the former, and the germ tube 
type was more common on the latter. Both types developed into similar 
mycelia. 
The conidia were unique in that usually the two outer spores were 
the only ones that germinated, although the elongated stalk spore occa-
sionally developed germ tubes. The germ tubes were branched occasion-
ally and binucleate (Fig. 48). Two hours was the shortest time observed 
for conidia to germinate. 
During preliminary investigations conidia were found to germinate 
only by means of a germ tube. Since they were binucleate and thick-
walled, it appeared possible that they might function as resting bodies 
and under certain conditions, not heretofore discovered, give rise to 
basidia and basidiospores. Tests were made, therefore, of the germination 
of conidia under the following conditions, but the method of germination 
was unchanged: (1) in artificial light, sunlight, and alternately in sun-
light and darkness; (2) on water agar, carrot-decoction agar, and honey-
suckle leaf-decoction agar; (3) after being frozen, warmed, and alter-
nately frozen and warmed; (4) on thin layers of water agar which pro-
vided moisture for only a short time; (5) on water agars made up with 
different amounts of agar-agar to provide substrata with different degrees 
of readily available moisture. · 
The effect of temperature on basidiospore germination was determined 
in 11 experiments using temperatures ranging from -5 to +33°C. with 
2 per cent water agar as the substratum. Best results were obtained by 
rounting the percentage of spores germinating within 6 hours after 
beginning the experiment; otherwise the production of secondary spores 
produced erratic results. The limits for germination were found to be 
near 1 and 33°C. and the optimum between 18 and 26°C (Fig. 49). 
In another experiment the effect of storage of basidiospores at ex-
treme temperatures ( +35 and -28°C.) was t~sted. Basidiospores were 
thin-walled and appeared rather delicate. It was interesting to find, there-
fore, that some of them were still capable of germination after an exposure 
or 30 hours to temperatures of +35 and -28°C. Their viability decreased 
much more rapidly under exposure to high than to low temperatures, 
"breaking" very rapidly after 22 hours at 35°C. and not until after 30 
hours at -28°C. 
Preliminary experiments indicated that the minimum relative humid-
ity necessary for spore germination was 97.5 per cent or above. Five 
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additional experiments demonstrated that the range was from 97.5 to 100 
per cent, but very little germination took place below 99.1 per cent. 
In conjunction with the study of factors affecting basidiospore germi-
nation, certain of these factors also were tested for their effect on conidial 
germination. The temperature effect first was determined in terms of 
percentage of spores germinating. Results showed that the minimum point 
at which germination took place was below 2°C., and the maximum point 
lay between 33 and 40°C. The optimum temperature, however, could 
not be found accurately by this method, because the percentage of spores 
germinating was consistently low. To determine this temperature an 
indirect method was therefore. used, that of measuring the lengths of 
germ tubes developing at different temperatures on water agar. It should 
be emphasized that this method involves the effect of temperature; both 
upon germination and germ tube growth. In the three experiments run 
by this method the optimum temperature for germination ranged from 
22 to 25°C. 
In studying the effect of storage at various temperatures, results of 
two of the experiments showed that conidia retained their viability longest 
at low temperatures. They rapidly lost their ability to germinate when 
stored at 15 and 25°C. for longer than 14-15 days, but at 7.5 and -7°C. 
they were still viable after 40-41 days. In the third experiment conidial-
bearing leaves of Lonicera morrowii and L. bella were stored in an incu-
bator at 7°C. in the laboratory at 20-25°C., and outside on the ground 
beginning in November. Conidial viability dropped to zero sometime 
between 96 and 132 days of storage under all conditions in this experiment. 
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After 30 days the percent of germination was lower for the conidia in 
the laboratory than for those under the other conditions. However, even 
under cool conditions such spores apparently do not retain their viability 
long enough to survive the cold winter months of Iowa. 
An interesting contrast between conidia and basidiospores is that of 
retention of viability under storage conditions. The longevity of the latter 
was measurable in hours but that of the former in days. Both were viable 
for the longest time at cool temperatures. 
While studying the influence of light on the type of conidial germina-
tion, data also were obtained regarding its influence on the rate of germi-
nation. In three cases out of four the germ tubes were shorter when 
illuminated than when not, at the same temperature. Light seemed to 
have more inhibiting effect on germ tube development at 19, 26, and 28°C. 
than at 22°C., which is nearer the optimum for germination. The germ 
tubes developing· in the light at 28°C. were spherical rather than cylin-
drical. 
INFECTION EXPERIMENTS 
The phenomenon of infection was studied using the different spore 
stages under different environmental conditions. All attempts to secure 
infection with mycelium and conidia failed. Mycelium was applied to 
healthy and wounded leaves, buds and stems, but in no case did infection 
occur. Similar results were obtained when conidia were tried, either fresh 
or aged, in the greenhouse or in incubators, on leaves or buds. These re-
sults were in marked contrast to those obtained with basidiospores, where 
infection occurred very readily. 
BASIDIOSPORES 
Temperature: The ability of basidiospores to infect honeysuckle 
leaves was discovered in preliminary experiments. Then arose the next 
problem, determining the influence of the most important environmental 
factors governing infection. During the tests of these factors the general 
procedure used to expose leaves to infection was as follows: spores from 
discharging basidia on leaves were collected on plain agar, washed off with 
distilled water, and sprayed on healthy young leaves of potted plants. 
These exposed plants were placed in moist chambers for 2 or 3 days and 
then removed to the drier environment of either a greenhouse bench or 
an incubation chamber. The number of diseased leaves was recorded 19 
to 32 days after exposur~ Young leaves were obtained for each experi-
ment by removing all old leaves from plants 10 to 14 days previous to 
exposure. The following temperature tests were made, using this general 
procedure, and placing the sprayed plants in moist chambers at different 
temperatures for 2 or 3 days before transfer to the greenhouse. 
The results of seven experiments run in the greenllouse during the 
winter and spring months of 1941 are summarized in Table 4. From 5 to 
46 plants were used in each test at each temperature. The check plants, 
which were placed in moist chambers in the greenhouse, had a total of 
TABLE 4 
P E RCENTAGE OF L onicera be/la Candida L E AVES B ECOMJNG DISEASED AFTE R EXPOSU RE TO INFECTION AT DIFFER ENT T E MPERATU RES 
1° C. 7°-14° C. 15°-18° C. 19°-21 ° c. 24°-28° c. n 
:i: 
o. o. No. No. o. ~ Leaves Per- Leaves Per- Leaves Per- Leaves Per- Leaves Per- t""' 
Exposed centage Exposed centage Exposed centage Exposed ceotage Exposed centage t"l C/l to Leaves to Leaves to Leaves to Leaves to Leaves 
:-< Exposure No. Infection Infected Infection Infected Infection Infected Infection Infected Infection Infected 
C"l 
1. ... . . 158 4 .4 118 45 .8 398 3 . 3 0 . . . . . . . . . . . . . . . . . . . . . . . . ..... . . . . ........ <:: 
2 .............. . . . . . . . . . . . . . . . . . . 270 16 .7 171 53.2 634 5 .4 t""' 
3 . ........... . ...... 185 1 . 6 314 6 .4 246 18 . 7 202 1.0 ~r:::J 
4 . .. . . ... ~ ....... . .. . . . . . . . . .......... 410 4 .4 106 5 .7 104 7.7 98 0 .0 c... 
5 . .. .. . . . .... 334 13 . 1 120 23.3 112 13 .4 134 0 .0 ?' . . .•. . . .... . ... 
6 . . .. ............... . . . . . . . . . . ........ . . 472 l. 7 440 14 .1 472 8 .5 334 2 . 1 
7 * .. . ........ . . . . . .. . . . . . . . . . . .. . ... .. .. 1 ,330 16 .4 689 23 . 2 . . . . . . . . . . 634 11. 2 
-----
* Diseased leaves witr discharging basidia were suspended in a moist chamber above the plants exposed to in~ ction. 
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521 leaves, of which none became diseased. The optimum temperature 
for infection ranged from 15 to 18°C. in these experiments. The per-
centage of leaves that became infected decreased rapidly at temperatures 
either higher or lower than the optimum. For instance, within the range 
15 to 18°C., more than 14 per cent of the leaves became infected in six out 
of seven experiments, whereas at other temperatures this percentage was 
exceeded only twice. The minimum and maximum temperatures for in-
fection appeared to be near 1°C., and 24 to 28°C., respectively. Usually 
only one lesion appeared on each leaf exposed to infection at temperatures 
below or above optimum, whereas at the optimum (15 to 18°C.) several 
lesions ordinarily were present. 
Humidity: Plants were exposed to infection during May and June 
of 1941 by suspending leaves bearing discharging basidia over seedlings 
in 3-inch pots in a moist chamber for 2 hours. A layer of paraffin and 
vaseline mixture was next poured over the surface of the soil in the pots, 
which were then inverted over Mason quart jars with the inverted plants 
projecting inside. The paraffin mixture formed a seal against diffusion 
of water vapor into or from the containers. Relative humidities in the 
jars were regulated by sulfuric acid solutions. Large intervals of relative 
humidity were used to allow for the effect of transpiration on the increase 
of relative humidity in each jar. The exposed plants were left in these 
humidity chambers at 10 and 15°C. for 2 days in the first experiment and 
for 3 days in the second, then removed to a greenhouse bench and exam-
ined after 18 to 21 days for number of diseased leaves. The number of 
plants used at each relative humidity varied from two to five. None of 
the 90 check leaves became infected. 
The results of these two experiments (Table 5) show that most infec-
tion occurred at a relative humidity of 100 per cent, although some took 
place as low as 70.4 per cent. Infection at the latter relative humidity was 
surprising, inasmuch as a relative humidity of more than 99 per cent had 
been demonstrated to be necessary for more than a 2 per cent spore 
germination. This discrepancy may have been caused by condensation of 
transpiration water vapor on spores located near stomata. 
The length of time necessary for leaves exposed to infection to remain 
TABLE 5 
PERCF.NTAGE OF L EAVES I NFECTED AT D IFFERENT R ELATtVE HUMID ITIES 
- ;= 
Exp. 
R ela tive H umidity- Percentage 
No. Leaves Tested 49.9 60. 7 70.4 80 .5 89 .9 100. 0 
-----------
1 Number exposed to infection . ..... 74 70 80 86 100 50 
Percentage infected ... . ....... .. 0.0 0.0 7.5 0 .0 2 .0 38 .0 
----------
2 Number exposed to infection ...... 62 80 60 70 60 90 
Percen tage infected .... . . . . . . . . . 0.0 0 .0 15.0 17 .0 0.0 50 .0 
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in a saturated atmosphere before infection could occur was tested by 
placing such plants in a moist chamber and removing them at intervals 
to a greenhouse bench. These experiments were made at different times 
from January to July in 1941 with one to four plants for each test. Ex-
aminations were made of the number of diseased leaves 20 to 33 days 
after exposure to infection. In no case did any of the 7 45 check leaves 
become infected. 
Some infection occurred within 12 hours (Table 6) , but the number 
of diseased leaves was increased considerably by a more extended expos-
ure to a high relative humidity. This statement is best substantiated by the 
data in Experiment 5, since in the other experiments the air was rather 
humid in the greenhouse, and some infection probably occurred after the 
exposed plants were removed from the moist chamber to the greenhouse 
bench. The greenhouse air was very dry on the day when the plants were 
removed from the moist chamber in Experiment 5, and subsequent pene-
tration probably was negligible. An exposure of 3 days was necessary to 
obtain infection of more than 50 per cent of the leaves in this latter 
experiment, although 20 per cent were infected after only 1 day's ex-
posure. These results indicate that an extended period of damp weather 
is more conducive to abundant infection than is a short period such as 
12 hours. 
Leaf age: The results of preliminary infection experiments were some-
what erratic. It was soon discovered that there was a difference in the 
reaction of mature and young leaves to exposure of infection. In order 
to facilitate other investigations this reaction of leaves was subjected to 
test in 1941. Leaves of different ages were exposed to infection according 
to the method described earlier. The numbers of diseased leaves were 
recorded 30, 20, and 22 days after exposure, respectively, for the January, 
March, and June trials described below. 
The leaves became resistant as they matured (Table 7), although the 
age at which this resistance was reached varied in the different experi-
ments. This age was 18, 20, and 12 days, respectively, for the January, 
March, and June exposure. In none of the experiments did infection occur 
on leaves 20 days old or older. A greater percentage of the younger than 
the older leaves within the susceptible age group became infected in all 
experiments. Some of the younger leaves also had more than one lesion 
per leaf, but. this was true of only a very few of the older leaves. 
Leaf surfaces: As a continuation of the .studies on relation of leaf 
condition to infection, three experiments were run to determine whether 
penetration could occur through both theri upper and lower leaf surfaces. 
These two surfaces had been found to differ morphologically in that the 
upper surface possessed a relatively thick cuticle and lacked stomata, 
whereas the lower surface had a thin cuticle and many stomata. 
The leaves were exposed to infection in Experiments 1 and 2 by 
spraying a spore suspension on one leaf surface while the other surface 
was covered, and in Experiment 3 by brushing a spore suspension on the 
TABLE 6 
P ER CENTAGE O F DISEASED LEAVES DEVELOPING ON PLANTS EXPOSE D TO INFECTION AND P LACED UNDER HIGH HUMIDITY CONDITIONS IN A MOIST 
CHAMBE R FO R VARYING PERIODS OF TIME 
Temperature Number of Hours in Moist Chamber 
Exp. Moist 
0 . Chamber * Leaves Tested 6 12- 15 21 - 25 31 - 39 47-48 72-75 96 
1 ....... 15°-25° C. umber exposed to infection . . .. . . . . . . . . . . 234 374 304 236 
Percentage infected . . . . .. 36 .3 23 . 3 8 . 6 10 .6 
2 ....... 15°-25° c. umber exposed to infection .... 390 347 384 468 322 . . . . . . . . . . . ......... 
Percentage infected ......... ... 0 .0 0 .9 3 . 6 .8 32 .3 .......... . . . . . . . . . . 
3 ...... 15°-25° C. umber exposed to infection . . .. 310 185 327 424 . . . . . . . . . . .......... 
Percentage infected .... . . . . . . . . . . . . . . . . . . 3 . 2 18 .9 14 4 29 . 2 . . . . . . . . . . ... ... 
4 ..... 20°-30° c. Number exposed to infection .. . . . .. . . . . . . . . . ........ 500 . .... . . . .. 660 600 500 
Percentage infected . ...... . . . . . . . . . . . . . . . . . . . . 11.0 .......... 14 .5 11 . 7 12 . 2 
5 ....... 15° c. Number exposed to infection . . .. . . . . . . . . . . . . . . . . . . . . 314 . . . . . . . . . . 358 622 . . . . . . . . . . 
Percentage infected ...... .. ... . .. . . . . . . . 22 .9 ' . .. ... .. . 23 .7 62 . 7 . . . . . . . . . . 
25° C. Number exposed to infection ... . . . . . . . . . 200 532 561 .......... 
Percentage infected ....... .... . . . . . . . . . . 20 .0 .......... 43 . 2 51. 7 ... . . . .... 
* Plants in Experiments 1 to 4 placed in moist chamber in greenhouse (15°-30° C.) . Plants in Experiment 5 placed in moist chamber in 
15° C . and 25° C. incubators. 
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TABLE 7 
RELATION OF AGE OF LEAF, AFTER EMERGENCE FROM Buo, TO INFECTION BY BASIDIOSPORES 
. 
Age of Leaf in Days When Exposed to Infection 
Leaves Tested J __ 2___ 5 ___ 7 ___ 8 __ 1_0 __ 1_1 __ 1_2 __ 1_4 __ 1_5 __ 1_6 __ 1_7 __ 1_8 __ 1_9_ 20-30 
No~~ex!tf~~~- ~~ ........... ·I· ............................................... 24 10 14 14 24 76 
Percentage infected ....... . .:...:_:_:__:_:.:...:_:_:__:_: .:...:_:_:__:_:_· _· ._._·_· .:...:_:_:__:_:_· _· ._._·_· _· _· _· ._._· _· _· ._._·_· ~~ ~~ ~ ~ 
Mar. 20 No. exposed to 
infection. . . . . . . . . . 41 
Percentage infected . . 46 . 3 
49 
79 .6 
38 
89 . 5 
86 
72 . 1 
30 
43 .3 
... ... 110 
. . . . . . 17. 3 
76 
0 .0 
- --1---------·1---------------------------------------------
June 6 N~. exp?sed to 
mfecnon . . . . . . . . . . 1 9 
Percentage infected . . 31 . 6 
2 
50 .0 
10 
60 . 0 
2 
50 . 0 
. . .. . ·1 
76 
7.9 
16 
0 . 0 
12 
0 . 0 
16 
0.0 
.. .. .. 198 
0 . 0 
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leaves. The diseased leaves were counted 22 to 26 days after beginning 
the experiment. None of the 28 check leaves became diseased. 
Penetration took place through both surfaces in all three experiments 
but occurred more frequently through the lower than the upper surface. 
The percentage of leaves becoming infected through the upper surface 
as compared to the lower surface in the three experiments are as follows: 
13.5 vs. 31.2, 18.1 vs. 27.1, and 32.0 vs. 49.0. It is probable that the thicker 
cuticle on the upper surface and possibly a thick upper epidermal wall 
played an important part in decreasing infection. 
The data indicate that the fungus may penetrate its host either 
directly or through the stomata. 
RESISTANCE AND SUSCEPTIBILITY OF HOST VARIETIES 
While making field observations on the extent and location of nat-
urally infected leaves in 1939 and 1940, a considerable variation was 
noticed in the number of diseased leaves on different varieties and species 
or Lonicera. To determine whether differences in resistance were present 
under similar conditions of exposure to infection, several varieties and 
species of Lonicera and related genera, which had been raised from cut-
tings in the greenhouse, were exposed to infection with basidiospores at 
intervals during the winter, spring, and summer months in 1940-41. All 
the leaves were removed from these plants about 10 days previous to such 
exposure to insure each leaf being of a susceptible age. Spores were 
sprayed on the leaves, and the plants were examined after 19 to 30 days 
for the number of diseased leaves. The number of plants used varied from 
1 to 14 in the five tests. Data collected from these experiments are sum-
marized in Table 8. 
Species and varieties that were consistently susceptible to infection 
by basidiospores were Lonicera muendeniensis, L. prolifera, L. morrowii, 
L. tatarica, L. bella (hybrid between the two preceding species), and va-
rieties of the last two species. Those exhibiting some degrees of resistance 
were L. dioica, L. gracilipes, and L . sem,pervirens. L. japonica halliana 
never was infected during these (Table 8) and four other trials, and no 
infection ever was observed on several plants growing in the open near 
other susceptible species. An interesting contrast to the apparent immun-
ity of L. japonica halliana was the susceptibility of a member of a different 
genus, Symphoricarpos albus (Snowberry) . This plant was infected in 
three experiments listed here and in another one not listed. The diseased 
leaves developed typical basidia and basidiospores on the lower surface 
when placed in a moist chamber. It never has been found naturally dis-
eased, however. The closely related species S. orbiculatus (Coralberry) 
was not infected in any of the experiments. 
DISCUSSION 
As a result of these investigations, some rather interesting facts con-
cerning the life cycle and pathogenicity of Herpobasidium deformans 
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TABLE 8 
RELATIVE SuscEPTIBILITY OF SPECIES AND VARIETIES OF LoNICERA, CoRNus, SvMPHORICARPUS, 
AND VIBURNUM 
Percent-
No. Leaves No. of age 
No. of Exposed to Leaves Leaves 
Name of Plants Trials Infection Infected Infected 
Lonicera be/la . ..... .. ..... .. .. 3 486 253 52.0 
Lonicera bella atrorosea . ........ . . . . . . . . . . 5 434 99 22 .8 
Lonicera bella candida .......... . . .. .. . ... 5 762 346 45 .4 
Lonicera dioica .. . . . . . . . . . . . . . . . . . . . . . . . . 2 230 20 8 .7 
Lonicera gracilipes . ...................... 5 534 20 3 .7 
Lonie era japonica halliana (D. ) Nichols ..... 3 690 0 0.0 
Lonicera maacki ......... . ..... ... 1 18 2 11 . 1 
Lonicera minutijiora . ... .................. 5 998 309 31 .0 
Lonicera morrowii . ... . .. . . ..... . .. . ..... 5 1,080 397 36 .8 
Lonicera muendeniensis . . . . . . . . . . . 5 1 , 149 522 45 .4 
Lonicera notha carnea . .. .. .......... .. .... 4 443 116 26 .2 
Lonicera prolifera . . ..... . ..... . ...... . .. . 3 267 106 39.7 
Lonicera prostrata . ...... _ . .... . . . . . . . . . . . 2 175 60 34.3 
lonicera sempervierns . ................ . ... 5 519 32 6 . 2 
lonicera tatarica . ...... . ............. . .• . 5 809 278 34.4 
lonicera tatarica augustif olia . .........•.... 4 448 93 20 .8 
lonicera tatarica Jenz/ii . ... ..... . ......... 5 406 160 39.4 
lonicera tatarica pa/lens . ........ 3 603 130 21 .6 
lonicera tatarica latifolia . . .... . .. . ........ 2 100 23 23 .0 
Cornus stolonifera Mich ... ................ 1 30 0 0.0 
rvmphoricarpos a/bus . ..... ' ........ . ... . . 5 1 , 265 30 2 .4 
')imphoricarpos orbiculatus Moench ... _ .... . . 5 1 , 620 0 0 .0 
Viburnum spp . ................ . . . . . .. . . . 3 89 0 0 .0 
have been found. This fungus is one of the few members of the Auricu-
lariaceae known to occur as parasites on flowering plants, although the 
other members of the genus, H. filicinum and H. striithopteridis, attack 
ferns. The connection between the basidial stage and Glomerularia 
lonicerae has been postulated, although the lack of infection resulting from 
the conidia of the latter and the fact that basidia have not been grown in 
artificial culture still leave some room for doubt. The similar binucleate 
mycelium of both spore stages and the fact that cultures from platings 
of single basidiospores, masses of basidiospores, conidia, and fragments 
of infected leaves all produced the conidial stages indicate that they all 
are part of the same fungus, and the basidiospores and conidia are stages 
of one life cycle. 
The failure of the conidia to produce infection and the differences in 
germinability of the outer and inner conidia in the cyme raise a problem of 
the function of these structures. Martin (18) described conidia in Platy-
gloea peniophorae B. and G. a closely related member of the Auricularia-
ceae. His statement (p. 690) follows: " .. . the groups of basidia tend to 
occur in loose, one-sided, cymose clusters. Some of the basidia in such clus-
ters fail to develop fully and become transformed into conidiophores which 
produce irregularly globose, nearly sessile conidia." His figures show a 
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strikingly similar structure to the conidiophore and conidia of Glomeru-
laria. Buddin and Wakefield (4) report a parallel situation in Helico-
basidium purpureum (Tul.) Pat. and Rhizoctonia crocorum (Pers.) C. 
which they postulate as parts of the same cycle. In their fungus the conidial 
strain was less virulently parasitic than the sterile strain. Possibly these 
structures in Herpobasidium deformans are also degenerate basidia, as 
suggested by Martin for the similar structures of Platygloea. 
SUMMARY 
The causal agent of honeysuckle leaf blight is described as a new 
species of the genus Herpobasidium, named H. deformans. 
The disease caused by this parasite appeared in the spring on the 
early leaves, and secondary infections usually followed during the balance 
of the year. Diseased leaves were brownish-black and often rolled and 
twisted. The first sign of the fungus was a thin white layer of basidia 
and basidiospores on the lower surface, often followed by a white pow-
dery mass of conidia. 
The host range was extended to include 33 species and varieties of 
Lonicera and a member of a related genus, Symphoricarpos albus. 
The disease occurred in the northeastern and north central parts of 
the United States and adjacent areas of Canada and Newfoundland. 
The pathogen was cultured on artificial media by platings from 
basidiospores, conidia, or infected leaf fragments. The mycelium, white 
to a very pale tan in mass, was hyaline, septate, occasionally branched 
without clamp connections and ranged in diameter from 1.4-3.7 µwith an 
average of 2 .2~L. Basidia were never found on mycelia in artificial 
media but conidia developed from all types of isolates, including single 
basidiospores. The viability of mycelium in culture decreased rapidly 
upon drying or exposure to warm temperatures, such as 33°C. 
Mycelium was at first intratracheid, later becoming both inter- and 
intracellular within all parts of the leaf. Some hyphae gave rise to 
peculiar hyphal masses within epidermal cells. The hyphae which pro-
truded above the leaf surface from such masses never were observed bear-
ing attached spores. 
Basidia, emerging through stomata, were cylindrical and erect at 
first, later becoming recurved and transversely septate into four cells. 
They measured 2.3-5.8 µ x 14.0-35.1 µ. The basidia bore four sterigmata 
measuring 1.9-4.7 µ x 7.0-16.4 µ and gave rise to spores measuring 
5.2-7.5 x 8.9- 12.9 µ. 
Basidiospores germinated by germ tubes or sporidia. Secondary 
spores similar in shape but smaller than basidiospores often developed on 
sterigma-like outgrowths from the basidiospores and germinated by tubes 
or sporidia. 
Conditions favoring basidiospore germination were relative humidities 
of 99-100 per cent and temperatures of 18 to 26°C. with a minimum and 
maximum of about 1 and 33°C., respectively. 
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Conidia often formed in or adjacent to areas of basidial formation on 
similar mycelia. They likewise emerged through stomata and were borne 
on branched conidiophores which ranged in size from 2.7-5.1 µ in width 
at the top, 5.8-8.5 µ in width at the bottom, and 30.6-54.4 µ in length. The 
spores, formed in clusters of six in three pairs, were all hyaline, verrucose 
and binucleate. Two pairs were spherical and borne on stalks, whereas 
the other two spores were elongated, sessile, and produced at the junction 
of the two stalks. The outer pair measured 10.2-17.0 µ, the inner 8.5-13.6 µ 
and the elongated 5.1-13.6 µ x 11.9-22.1 µ. 
The outer pairs were almost invariably the only spores that germi-
nated, this by the formation of birtucleate germ tubes. Minimum, optimum, 
and maximum temperatures for conidial germination were about 2°, 22-
250, and 33-40°C., respectively. Exposure to light decreased germination. 
Infection of host plants followed exposure to basidiospores but never 
to conidia. Conditions favoring infection were temperatures of 15 to 18°C., 
relative humidity near or at 100 per cent, sustained periods of high humid-
ity for 2 or more days, and the use of young leaves and of lower leaf sur-
faces. Minimum and maximum temperatures for infection were approxi-
mately 1°C. and 24-28°C., respectively. There was a considerable variation 
in susceptibility of different varieties. The variety Lonicera japonica 
halliana appeared to be immune. 
LITERATURE CITED 
1. A NON. 
Botany and plant pa thology section. Rept. Iowa Agr. Exp. S ta. 1942-43, P ar t 
1. Rev. Appl. Mycol. 23: 331. 
2. B~SBY, G. R. 
1938. The fungi of Manitoba and Saskatchewan. Memoirs on Canadian 
Fungi. Nat. Res . Coun. Can., Ottawa, Canada. Page 119. 
3. BouurER, M. 
1900. Description d 'u.ne nouvelle espece d 'Exobasidium parasite de l'Asp!:?n-
ium felix-femina. Bu!. de la Soy. Myc. de France. 16: 14- 17. 
4. BuooIN, W., and E. M. WAKEFIELD 
1927. Studies on Rhizoctonia Crocor'l!m (Pers.) DC. and Helicobasid :mn 
pu.rpureum (Tul.) Pat. Brit. Myc. Soc. Trans. 12: 116-140. 
5. CONNERS, I. L ., et al. 
1935. 14th Ann. Rept. Can. Pl. Dis. Survey, 1934: 85. 
6.----
1936. 15th Ann. Rept. Can. Pl. Dis. Survey, 1935: 68. 
7.----
1937. 16th Ann. Rept. Can. Pl. Dis. Survey, 1936:77. 
8.----
1938. 17th Ann. Rept. Can. Pl. Dis. Survey, 1937:77. 
9.----
1940. 19th Ann. Rept. Can. PL Dis. Survey, 1939: 105. 
10. DAVIS, J. J. 
1916. A provisional list of parasitic fungi in Wisconsin. Wisconsin Acad. Sci. 
Trans. 17: 846-984. 
PARASITISM OF GLOMERULARIA 331 
11. DEARNESS, J . H . and H. D. HousE 
1923. New or noteworthy species of fungi, III. N. Y. State Bot. Rept. 1921. 
N. Y. State Mus. Bul. No. 243 and 244:85. 
12. GILMAN, J. C. 
1932. First supplementary list of parasitic fungi from Iowa. Iowa State Col-
lege J our. Sci . 6: 357-365. 
13. JACKSON, H. s. 
1935. Summer foray. Mycologia 27: 323-327. 
14. ----
1935. The nuclear cycle of Herpobasidium filicinum with a discussion of the 
significance of homothallism in basidiomycetes. Mycologia 27: 553-572. 
15. KENT, G. C., and I. E. MELHUS 
Identification and control of diseases of small ornamentals and fruit tree stocks 
in Iowa nurseries. Project No. 478. Rept. Iowa Agr. Exp. Sta. 1942-43. (I): 
136-137. 
16. LIND, J . 
1908. Sur le developpement et la classification de quelques especes de 
Gloeosporium. Arkiv for Botanik. 7, No. 8: 1-23 . 
. 
17. ----
1913. Danish fungi as represented in the herbarium of E . Rostrup. P. 345. 
Copenhagen. Egmont H. Petersen. 
18. MARTIN, G. w. 
1940. Some heterobasidiomycetes from Eastern Canada. Mycologia 32: 683-
695. 
19. MELANDER, L . w., and J . H. CRAIGIE 
1927. Nature of resistance of Berberis spp. to Puccin ia graminis. Phytopath. 
17: 95-114. 
20. PECK, c. H. 
1885. Report of State Botanist. Thirty-eighth Ann. Rept. N. Y. State Mus. 
Nat. Hist. pp. 77- 138. 
21. ----
1887. Report of State Botanist. Bul. N. Y. State Mus. Nat. Hist. pp. 1-28. 
22. ROSTRUP, E. 
1881. Gloeosporium filicinum Rostr. nov. spec. Mycotheca Universalis, F . 
de Thuemen. Cent. XXI No. 2083 Wien. 
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The chick comb test for androgen assay recently has excited crjtical 
investigation. It seems fair to say that with improved techniques this 
method is reasonably successful. But little is known about the manner in 
which androgenic substances interact in vivo. The thyroid gland must 
play an important role in controlling utilization, and perhaps intermediate 
compounds are formed in the body when male hormones are metabolized. 
We know very little concerning the action of male hormones on the thyroid 
gland, but we do know that the thyroid secretion modifies the reaction of 
the comb to male hormones. Comb growth in the chick offers some de-
cided advantages for an analysis of such interactions, because of its respon-
siveness to small amounts of hormones and the accuracy with which 
determinations of growth can be made. 
The injection of certain androgens in the male chick at relatively 
low dosage levels produced a decrease in testes weights without appar-
ently decreasing the amount of endogenous male hormones (2). It was 
noted, however, that similar dosages of dehydroandrosterone and andro-
stenedione and higher dosages of testosterone-propionate apparently had 
greater inhibitory effect on gonad weights accompanied by a reduction in 
the amount of androgen secreted by the testes. These substances, along 
with testosterone, seemed to be suitable for an investigation of possible 
interactions in their effects on the comb and testes of the chick. 
Testosterone (a) is apparently the substance normally formed by the 
testes. Testosterone-propionate (b) is an ester formed from it which has 
proved especially efficacious in increasing androgenic action. This sub-
stance seems to be absorbed more slowly than testosterone, hence a given 
injection acts over a longer period of time. In addition there is probably 
less of this hormone excreted by the kidneys because its concentration 
in the blood may never become as high as that of testosterone. Dehydro-
androsterone (c) is an androgen naturally occurring in the urine, vari-
ously estimated to have from 1/ 10 to 1/ 20 of the androgenic activity of 
testosterone; it also has some folliculoid activity (5). Androstenedione 
(d) a synthetic androgen of intermediate position in the chemical series, 
'Paper read at the Cleveland Meeting of Amerit'an Association for the Advancement 
of Science, September, 1944. 
2 Director, Statistical Laboratory, Iowa State College. 
' Associate Professor of Zoology, Indiana University. Contribution No. 93 from Water-
man Institute, and No. 335 from the Zoology Department, Indiana University. 
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is especially interesting because it has about twice the male hormone 
activity of dehydroandrosterone and in addition has folliculoid, gonad-
stimulating, and progestational action. Because of these various actions, 
it was hoped that a study of interactions might lead to some hypotheses 
about the manner in which the hormones function in the body of the male 
chick. 
Since the factorial experiment (8) is designed to evaluate the effects 
of several factors, such as hormones, not only severally but in all com-
binations, it seemed the best adapted design. It enables one to compare the 
joint effect of two hormones with the effects of the two acting separately. 
Statistically, this is referred to as interaction. 
A four-factor experiment was set up, using the hormones described 
above in the characteristic 16-treatment combinations, including a lot 
injected with only sesame oil in which the hormones were dissolved. 
White Leghorn male chicks were injected daily. Both alone and in combi-
nation, each factor was administered at the rate of 50 gamma per diem. 
In the conduct of the experiment, each of the 16 treatment com-
binations was applied to from 10 to 13 chicks. The treatment of each chick 
was indicated by a head stain, all the birds being housed together in two 
cages. This prevented the confounding of treatment and environmental 
effects, such as is always possible when the treatment groups are kept in 
separate compartments. Although there were two cages, there is no evi-
dence of cage differences. 
The occurrence of unequal numbers of chicks in the groups compli-
cates the estimates of treatment effects, as well as the tests of significance. 
Yates (6) has pointed out that, with disproportionate subclass numbers, 
the 2° factorial experiment can be completely analyzed, using the un-
weighted means of the groups if interaction is present or fitting constants 
for the main effects if interaction is assumed negligible. Since fitting con-
stants involves extra labor, we examined the efficiency of using the simpler 
method of unweighted means, even in the absence of interaction. In this 
particular experiment the small disproportion in subclass numbers caused 
no appreciable decrease in efficiency when evidence of interaction was 
lacking. We therefore used the unweighted group means throughout the 
factorial analysis of the experimental results. 
It seems reasonable to present changes in hormone expression as 
percentages, especially along the steeper portions of the effect curves; 
hence the logarithms of the comb and testes weights were used as variates. 
This was convenient statistically for the following reason: If measured 
in grams, both variances and regressions on body weight differed signifi-
cantly among the treatment groups, whereas the variances of the loga-
rithms were homogeneous, as were the regressions on body weight in the 
case of the gonad data. In the present experiment, the transformation to 
logarithms affected conclusions but little. 
The treatment means of body, comb, and testes weights are contained 
in Table 1, together with analyses of their variances. 
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TABLE 1 
TREATMENT MEANS OF Boov WEIGHTS (GRAMS) AND OF Co~rn AND GONAD W1EGHTS 
( MILLIGRAMS) 
---
Adjusted Means of 
Means Logarithms 
ym- No. 
Treatment bol Chicks Body I Comb Gonad Comb Gonad 
------
None . ........... . ...... . . {I) 13 81 54 18 . 1 1 . 541 1.167 
Testosterone . ... ........... a 11 72 
I 
97 10 .0 1 . 977 0.980 
Testosterone-propionate .. ... b 10 65 228 7.7 2.405 0.950 
Dehydroandrostcrone .. .. . . e 11 67 56 9 .2 1. 727 0.974 
Androstenedion .. . ......... rl 11 67 56 10 .0 1 . 665 1 .012 
ab 12 74 348 6 .5 2.495 0 .796 
ae 11 77 157 11 .5 2.085 0.968 
ad 11 70 143 9.2 2 . 160 0.972 
be 12 74 134 8 .2 2.070 0 .889 
bd 12 77 325 11 . 8 2.456 1.002 
cd 12 74 174 10.5 2.205 0.993 
abe 12 81 316 11.1 2.446 0.950 
abd 12 73 334 12.4 2 .497 1 .077 
aed 10 72 309 7 .8 2.490 0.897 
bed 12 77 329 9 .8 2 .489 0.928 
abed 11 73 364 9 .9 2 .545 0 .973 
Analyses of variances of body weights and of logarithms of comb and gonad weights 
-
Mean Squares 
Source of Variation 
Treatment means . . ... . . . . ... . . 
Chicks . . .. ........ ... . . . . . . . . . 
F(Fo• = 1 . 72, F .01 =2 15) . . . .. 
• Significant at 5% level. 
•• Significant at l % level. 
Degrees of 
Freedom 
15 
167 
. . . . . . . . . . . -
---
Body Log. Comb Log. Gonad 
246.5 1 .150 0 . 1150 
123 . 1 0 .0353 0.0247 
2 .00* 32 . 61 ** 4. 66 * * 
---
The body weight differences are puzzling. The probability of greater 
divergence under the null hypothesis being tested is only 0.02, yet ex-
amination of the treatment means and of the treatment effects in Table 2 
y ields no clue to the causes. 
The largest mean body weights occurred respectively in the control 
group and in the three-factor group, abc;. The smallest body weights were 
TABLE 2 
TREATMENT EFFECTS ON Boov W1EGHT (GRAMS) 
A ..... . 1 .14 
B .. .. . . 1.86 
C . . .... 1 .89 
D .... -0 .86 
AB .. . . 1 .19 
AC .. . . 1 . 51 
AD .. -3 . 24 
BC .. . . 1 .94 
• Significant at 5% le,·cl. 
1 
BD .. . . 2 .49 
CD . . . . 0.31 
ABC . . -1 .88 
ABD . . -3.04 
ACD .. - 2.71 
BCD .. -4.09* 
ABCD ... . 3.34* 
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in the singlE-factor treatments, while most of the two- and three-factor 
treatments resulted in intermediate weights. The treatment effects are 
equally inexplicable, only two high order interactions being significant. 
The natural conclusion seems to be one of the following: (1) The initial 
lot mean weights may have been different; (2) the causes of the differ-
ences among mean body weights lie outside the treatments administered; 
or (3) this is an example of the extra random fluctuation that is to be 
expected in about 2 samples per 100. In any case, we conclude that the 
treatments under investigation do not affect body weight to an extent 
that could be evaluated in this experiment. It should be remarked, how-
ever, that there is evidence in some other work that such treatments do 
affect body weight (3), so that these experimental results cannot be re-
garded as conclusive. 
Among the chicks within the lots, there is some correlation between 
body weight and both comb and testes weights. Consequently, the preci-
sion of this experiment is evaluated by eliminating from error the portion 
of variance attributable to regression. The increase in precision due to 
this adjustment is 23.4 per cent in the comb series and 35.9 per cent in 
the gonad. Furthermore, in the gonad series there is a positive correlation, 
significant at the 3 per cent level, between the lot means of body and testes 
weight. The body weight relations are exhibited in the diagrams of Figure 
1. The treatment means used in the further discussion of this experiment 
are adjusted by the respective regressions, comb weight, and gonad weight 
on body weight within the lots. The tests of significance of the differences 
among the two sets of adjusted means are shown in Table 3. In making 
the test on adjusted comb weights, the average regression within lots was 
TABLE 3 
TESTS OF SIGNIFICANCE OF DrFFERENCES AMONG ADJUSTED LOGARITHMIC MEANS m COMB 
AND TESTES WEIGHTS 
-
Mean Square 
Degrees of 
ource of Variation Freedom Comb -I Testes 
Adjusted means ........ ........ 15 I 1.0989 .08026 
Error . .......... . . . . . . . . . . . . . 166 
... \ 
.02701 .01582 
F(F.01 = 2 . 15). . . . . . . . . ' . . . . . . ... . . . . . . . . 40.69 ** 5. 07. * 
•• ignificanl al I % leve l. 
used, despite the fact that the lot regressions differ significantly. This point 
will be discussed later. 
Some essential features of the experimental results are displayed in 
Figure 2. The weight of the testes was depressed by all treatments, while 
comb weight was augmented. With one exception, treatments including 
b produced about the same comb weight, the average comb weight in these 
eight lots being more than seven times as great as that of the check lot. 
Seemingly, the 50-gamma dose of testosterone-propionate was, under 
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the conditions of this experiment, near the optimum for comb response, 
allowing little opportunity for assessing additional effects of combinations 
with the other hormones. If this experiment were repeated, it might be 
wise to reduce the dosage of b, seeking a level somewhat nearer its 
threshold value. 
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As for c and d, their dosages were nearer threshold values for comb 
stimulation but like the other two hormones were more effective than 
desirable in decreasing gonad weights 36 per cent. The corresponding 
effects of androstenedione were 33 per cent and 30 per cent. 
The effect of testosterone (a) alone was to augment comb weight by 
173 per cent and depress the weight of the testes 35 per cent. That is, a 
was much more effective than either c or d in stimulating comb growth but 
produced about the same amount of depression of gonad weight as the 
other three androgens. 
The appropriate combinations of dosage levels in this type of experi-
ment would seem to require further investigation. 
The a, c; and d treatment combinations form an interesting series in 
comb weights but are only slightly differentiated in their effects on the 
testes. This is unfortunate, because it is in possible relationships between 
comb and testes effects that we hoped to find clues to physiological pro-
cesses. The reversed situation exists among the b-treatments, since in 
them it is the comb weights that are undifferentiated (be constitutes an 
exception). Thus, the experiment has proved disappointing in the amount 
of physiological information contained. 
The be-series [ (1), b, c, be] illustrates the kind of information we 
were hoping for. Since b and c reduced the weights of the testes about 
FACTORIAL EXPERIMENT IN FOUR ANDROGENS 339 
equally, the comb effects, c - (1) = 1.727 -1.541 = 0.186** and b -(1) = 
2.405 -1.541 = 0.864**, measure the abilities of these androgens to stimu-
late comb growth in spite of a perhaps slight decrease in the normal 
secretion of the testes. The combined treatment, be, further reduces the 
gonad weight with a presumable further decrease in its hormonal secre-
tion, and this may account for the resulting intermediate comb weight, 
.despite the potential combination effect of the two injected hormones. 
TABLE 4 
E FFECTS OF TREATMENT S IN T H E be-SE RIES 
B-Effects C-Effects 
Comb Gonad Comb Gonad 
B alone, b- (1), .. . .. 0 .864 ** -0 . 217** C alone, e- (1), . ... 0 . 186 ** -0 . 193** 
B with e, be- e, . . . . . 0 . 343 *. -0 . 085 C with b, be-b, .. . . -0 . 335 ** -0 .061 
BC (difference/ 2) .. . -0 . 260 ** -0 . 066 BC (difference/ 2) .. -0 . 260** -0 . 066 
•• Significant a t 1 % level. 
The arithmetic is set up more formally in Table 4. One-half the dif-
ference between the B-effects with and without c is the BC interaction. 
It may equally be calculated as one-half the difference between the C-
effects with and without b. An interaction is negative if the effect of the 
combination, be - (1), is less than the sum of the effects of b and c alone. 
It is the negative comb interaction, BC, that may be attributable to fail-
ure of the combined stimuli of b and c on the comb to compensate for the 
decreased supply of the naturally supplied hormone. We hesitate to offer 
this as evidence, because it is perhaps an exceptional fraction of our data. 
It does, however, illustrate the possibilities of the factorial experiment. 
The acd-series (Table 5) affords some striking interactions in the 
comb data, but there are no corresponding gonad effects on which to base 
TABLE 5 
C -EFFECTS AND INTERACT IONS IN THE a ed-SERIES 
Comb Gonad 
Treatment Treatment 
Means c CD Means c CD 
(1 ) . ... 1 . 541 0 .186 * * 0 . 177 ** 1. 167 - 0 193 ** 0 . 087 * 
e .. . . 1 . 727 . . . . . . . . . 0 .974 . . . . . . . . . . . . . . . . . . . . 
d .. . . 1 . 665 0 . 540 ** . . . . ... . . 1 . 012 - 0 .01 9 . . . . . . . . . . 
ed . . . . 2 . 205 . . . . . . . . . . . . . . . . . . 0 .993 . . .... . ... . . . . . . . . . . 
a . . . . 1 . 977 0 . 108 0 . 111 ** 0 .980 -0 .012 -0 .032 
ae . . 2 . 085 . . . . . . . . . . . . . . . ... 0 .968 . . . . . . . . . . . ..... . .. 
ad . . . . 2 . 161 0 . 330 •• . . . . . . . . . 0.972 -0 .075 . . . .... . .. 
aed . . 2 . 490 . . . . . . . . . . . . . . . . . . . 0 .897 . . . .. . .. . . 
Average effects.. ..... . . . 0 .291 ** 0 . 144 ** . . .. ... ... ... . -0 . 075 0 .022 
• Significant a t 5 % level. 
• • Significant at 1 % level. 
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interpretations. One observes that the C-effects with d are much greater 
than those without, and that this phenomenon is little affected by the 
presence of a despite the fact that the a-treatments have uniformly higher 
comb weights. That is, the CD interactions, both alone and with a, are 
positive. One speculates about the nature of the effect of c and don the 
comb when injected together, with no corresponding effects on the gonad 
weights. A possible clue will be discussed later. 
At the moment, let us express the C and D comb effects of Table 5 in 
terms of percentages. The logarithm 0.186 indicates that the c-treatment 
mean is 154 per cent of check, while 0.540 shows that the mean for cd is 
347 per cent of the d-mean. Now 0.177 is the logarithm of the square root 
of the ·ratio of these percentages; that is, the logarithm of y347/ 154 = 
150 per cent. Thus the effect of the combination, cd, expressed in milli-
grams, is 50 per cent greater than the combined effects of c and d adminis-
tered to separate lots. 
It was noted earlier that androstenedione (d) is reported to be gonad-
stimulating. The D-effects in our experiment are shown in Table 6. As in 
the cases of the other androgens, the effect of d alone is to depress the 
weight of the testes but in a lesser degree. Two other of the D-effects 
TABLE 6 
D-EFFECTS AMONG ADJUSTED MEANS OF LOGARITHMS OF GONAD W EICHT 
(1) ..... .. . .... . 
d .. ....•...... 
a ............ . 
ad .... ..•... 
e . . .......... . 
ed ........ .... . 
ae ........... . . 
aed .. .......... . 
b ... . . . . .. . .. . 
bd .. . . •.... ... . 
ab ........... . . 
abd ... . ..... . .. . 
be ...... •. 
bed . .... . 
abc ......•...... 
abed ........ . . 
Treatment 
Means 
1 .167 
1 . 012 
.980 
.972 
.974 
.993 
. 968 
.897 
.950 
1 .002 
.796 
1 .077 
. 889 
.928 
.950 
. 973 
• Significant a t 5% level. 
0 Significant at 1 % level. 
D AD ACD ABCD 
-0 .155 ** 0 . 074 * -0.060 * -0 .001 
-0 .008 
0 .019 -0 .045 
-0 .071 
. . . . . . ...... . ... . 
0 .052 0 .114 -0 .061 * 
0 . 281 ** 
. ....... ' .......................... . 
0 .039 -0 .008 .. ...... . .... . . . ....... . 
0 .023 
0 .022 0 .034 * -0 .061 ** -0 .001 
are negative, but five are positive, indicating a slight tendency of d to 
increase weight. But if Table 5 is re-examined in the light of this hypothe-
sis, and if stimulation of secretion of the male hormone by the testes is 
thought of instead of weight, then the notable comb effects of c in the 
presence of d could be attributed to increased production of hormone by 
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the testes. Why this should occur in the presence of c but not in its 
absence is still a question. 
Turning now from the biological to some of the more formal statistical 
features of the experiment, it may be well to note in review the following 
points: (1) The logarithm transformation was used in the comb and gonad 
weights partly because it seems reasonable to express in percentages the 
changes occurring in some regions of the effect curve. The transformation 
was advantageous statistically, because the lot variances were correlated 
with their means and because the lot regression of comb and gonad on 
body weights became erratic with higher dosages. The logarithms had 
homogeneous variances and regressions in the gonad series, but were still 
somewhat heterogeneous in the comb data. (2) After computation of the 
deviations from error regression and of the variance of lot means, the 
disproportion among the subclass numbers of chicks was ignored, the un-
weighted lot means being used. It was found in this experiment that no 
appreciable loss of efficiency was incurred. (3) While there were sig-
nificant differences among the means of the body weights, they seemed 
to be unrelated to the treatments. Hence all means of logarithms of comb 
and gonad weights were adjusted to the average body weight, and these 
adjusted means were used in the factorial analysis. (4) The object of 
the experiment was to relate the treatment effects on comb and gonad 
weights and to make inferences about the actions of the experimental 
hormones within the body of the chick. The separate comb and gonad 
series, therefore, were of only secondary interest. 
The statisticians will have observed our failure to use any of the 
elegant methods available for computing the average effects in factorial 
experiments. Examination of our data showed us promptly that the aver-
ages of the effects tended to conceal the information we sought. With the 
exception of the body weight average effects in Table 2, we found not a 
single one that was helpful. Table 6 illustrates the situation that con-
fronted us, whereas the partial set of comb effects in Table 5 seems to 
represent the kind of regular behavior that makes average effects useful. 
Our data demanded the kind of analysis explained by Yates on pages 9 to 
13 of his "The Design and Analysis of Factorial Experiments." 
Two remarks remain to be made about tests of significance. Since 
testing has played no important part in our investigation, we have been 
content to ignore some biases. Those in the gonad series could be handled 
rather easily by the methods of Yates (7) or Cochran (see Parker's (4) 
citation of Cochran). We calculated the correction for the treatment 
mean square in a few instances where the level of significance was near 
5 per cent but found it beyond the significant digits being carried in the 
computations. 
In the covariance analysis of the comb weight logarithms, pronounc.ed 
differences were found among the treatment regressions, and conse-
quently, adjustments to mean body weight were made by use of indi-
vidual regressions. The variance of treatment mean differences is, there-
fore, the sum of the variances of both the means and the r egression coeffi-
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cients involved. For all the average effects of any one set of treatments, 
this common variance is easily calculated. In the presence of 16-treatment 
experiment, it is an average of 32 variances, all readily available from 
previous computations. In the error used for the main effects, we found 
the bias 1.6 per cent; but since we found none of our conclusions were 
affected by the more accurate calculation of the variance, we did not 
compute it for the various partial effects. 
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EFFECTS OF DIFFERENT FOOD PLANTS ON EGG PRODUCTION 
AND ADULT SURVIVAL OF THE GRASSHOPPER, 
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Grasshoppers are usually rather lively insects, but it is possible that, 
in large acreages of corn, alfalfa, clover, and other cultivated or wild 
plants, certain 'hoppers might remain within one food locale for nearly 
all or a greater part of their lifetimes. Should such a possibility occur, 
what effects might an unvaried diet have on the grasshoppers' biological 
responses and potentials? Such speculation becomes more interesting 
since man-made environments of large fields of succulent food, especially 
suitable to grasshoppers, may set up excellent ecological conditions for 
building larger populations than might have resulted from the same num~ 
her of grasshoppers on their natural, wild food plants. 
Uvarov (20), in his handbook on locusts and grasshoppers, has pointed 
out that almost every injurious species has a long list of host-plants. 
Nevertheless, the preferred natural food "is Graminaceous plants." Both 
in species and individuals, he notes that grasshopper associations are most 
numerous in habitats with a predominance of grasses. Parker (10) writes. 
"Previous to the growing of crops, native grasses were the main source of 
food for grasshoppers." Recently, however, Isely (7) published his con-
viction that the idea of grasshoppers eating mainly grasses "is no longer 
tenable." Vestal (21) surveyed insects in several forest habitats and 
found only one grasshopper, Melanoplus islandicus, restricted to the tree 
itself; some other species were found in transitional forest margins. In 
Uvarov (20), Parker (11), and Isely (7) are many other references to 
the eating habits of grasshoppers. 
Man's agricultural practices have established microclimates-some 
unfavorable to grasshoppers and locusts, others especially suited to and 
stimulatory to their multiplication up to injurious population levels. 
Uvarov (20) mentions the apparent connections between alfalfa culture 
in both North America and Russian Turkestan and the regular increase in 
the numbers of certain grasshoppers. Abundance of good food offered by 
alfalfa and the practice of leaving the soil undisturbed for at least 2 years 
give exceptionally suitable environmental surroundings for some 'hopper 
species. Unplowed fields offer excellent beds for egg-laying. In addition, 
1 Journal Paper No. J-1221 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project No. 649. 
' Now Chief Entomologist, Illinois Natural History Survey, Urbana, Illinois. 
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the absence of cultivation eliminates the usual injury inflicted on the eggs 
by plowing, discing, harrowing, and other soil preparation practices. 
Several more recent references have similar notations regarding rela-
tionships between farm practices and grasshopper abundance. Sanderson 
(15) writes that when Arkansas was predominantly a. cotton-producing 
area, prior to 1932, grasshoppers were not a major problem. After 1933 
there was a marked reduction in the cotton acreage, with five-eighths of 
the old cotton land planted in soybeans and most of the remainder in corn, 
legumes, or pasture land. Also, by 1936, widespread increase in grass-
hoppers necessitated systematic control procedures. It should be recalled, 
however, that these changes in crops came during that same climatological 
period associated with great upswings in numbers of grasshoppers. Co-
actions with climate and crops, as well as other factors, probably contrib-
uted to the situation. 
Again referring to Arkansas, Isely (6) , in 1942, points to the increase 
of M. differentialis and remarks that outbreaks first occurred where alfalfa 
production had been established. Previously, this species "was at worst 
only a local pest." He is also of the opinion that introduction of soybeans 
was "undoubtedly . . . responsible for the change in status of this 
grasshopper." 
Shotwell (16, 17) , too, discusses the changes brought about by agri-
culture in areas of natural vegetation in relation to grasshopper popula-
tions. Annand (1) offers a more general article on the difficulties involved 
with grasshoppers and other insects, as agricultural methods have changed 
in attempts to resist the effects of drouth. 
In view of the implications in the above observations and discussions, 
it was decided to compare, under controlled laboratory conditions, a typi-
cal adult grasshopper's ability to live and reproduce while its diet was 
restricted to a single food plant, with similar abilities exhibited in parallel 
experiments with a mixed diet. 
MATERIALS AND METHODS 
Specimens of M. bivittatus (Say) were selected as the experimental 
insects because they could be obtained in large enough numbers; because 
they are of economic importance in Iowa; and because little precise infor-
mation was available on the interaction of food and egg-formation in this 
or any other species of grasshopper. 
Initiation of experiments, selection of grasshoppers, and the manner 
of cage operations were as described elsewhere by Drake, Decker, and 
Tauber (3) , except that only the smaller cages, with five pairs of grass-
hoppers in each, were used; and only one variety of food was available in 
each cage throughout the experiment. All of these cages were under 
roof in the screened insectary at Ames.3 All manipulations, observations, 
3 This screen-house is a structure whose sides consist only of screen-wire, except 
for uprights supporting the roof and the frames of the doors. The peaked roof is 
covered with cedar shingles; eaves are narrow to .allow entry of as much light as 
possible. Inside the building are greenhouse benches on which the insect cages 
were placed. The entire arrangement provides a light, airy surrounding in which 
observations and manipulations may be made without interference by weather con-
ditions . 
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and determinations of data were performed by the senior author in order 
to eliminate any variations in technique. Of the results, included in 
another publication, on oviposition and longevity of M. bivittatus on a 
mixed diet (3), only data from the smaller cages inside the screen-house 
are used in this paper for comparison as "controls." 
Field-collected specimens were used rather than 'hoppers reared 
from eggs under artificial conditions in constant temperature, since Parker 
(9) found the latter individuals were not so vigorous nor productive in his 
experiments with M. mexicanus. 
Experiments extended through the summers of 1938, 1939, and 1940. 
Ten cages (50 pairs) of controls on a mixed diet were maintained in 1938; 
20 cages (100 pairs) in 1939 and again in 1940. 
Wild lettuce, wild mustard, great ragweed, and hemp were gathered 
fresh each day along roadsides near Ames, plunged in water containers, 
and transported to the insectary. The cottonwood, willow, and mulberry 
leaves were on young tender shoots from trees near the screen-house. · 
Onion plants, oat and wheat sprouts, castor-oil plants, and small pumpkin 
and watermelon vines were supplied in pots and replaced as needed. All 
other plant materials were available in the insectary gardens and grounds. 
A complete list of tested food plants, with scientific names, will be found 
in Table 1. A few.additional cages were run as a preliminary exploration 
in the field of water needs by grasshoppers. Cages, each with five pairs, 
were set up with a large amount of fresh-cut alfalfa, corn, or timothy 
which was not placed in water, but was left to wilt and become drier and 
drier as the summer progressed. In these cages the plant material was 
never replaced, and was the sole source of solid food as well as moisture. 
Other cages were begun with alfalfa already dried to brittleness but with 
shallow dishes of fresh water always available. 
RESULTS AND DISCUSSION 
Thirty different fresh plant materials were tested during the three 
summers. The number of pairs of M. bivittatus used .with each plant 
varied considerably, and depended largely on the availability of the spe-
cific food item-especially if it were a wild plant which had to be collected 
daily along roads or in fields within a reasonable collecting distance 
around Ames. The maximum number of pairs was 100 on young corn 
plants; the minimum, 20 pairs on ripe tomato. Seventeen of the 30 foods 
were tested on 50 or more pairs; 12 plants on 25 to 50 pairs; and only 1 
(tomato) on as few as 20 pairs. 
When data for the 3 years are summarized, and the tested plants 
arranged according to average number of eggs produced per female, the 
order is as shown in Table 1, with highest egg production at the top of 
the column. · 
Data in Table 1 indicate that wild lettuce and alfalfa· possess almost 
identical properties in being suitable foods for ovipositing females of 
M. bivittatus. Although those females on alfalfa tended to live a little ./ 
longer (3.1 more days), they averaged one less egg per female (140) than 
those on wild lettuce (141). Third and fourth are red clover and garden 
TABLE 1 
SUMMARY OF THREE YEARS' DATA ON Ecc PRODUCTIO AND SURVIVAL OF M. bivitlalus (Say) FEMALES ON DIFFERENT Fooos 
Ave. No. 
Days 
Survival 
Per 
Female Ave. No. 
Total No. Total Ave. 0. Ave. No. Ave. o. After Eggs Per 
o. Pairs Eggs Egg Pods Eggs Pods Per Eggs Per Onset of "Female-
Food Plant* Tested Produced Deposited Per Pod Female Female Oviposition Day" 
Wild lettuce plant (Lactuca sp.). . . . . . . . ' ..... 65 9 , 180 124 74 1 . 90 141 20.5 6.9 
Alfalfa plant (Medicago saliva) . . ..... . ' . . . . . . 75 10 , 505 138 76 1. 84 140 23 .4 6 .0 
Red clover plant (Trifoliumpratenst ) ... ....... 85 9,701 127 76 1 . 49 114 23 .5 4 . 9 
Garden leaf lettuce (Lactuca sp.). . .. . . . 80 8,971 106 85 1 . 32 112 23 .5 4 .8 
Garden onion leaves (Allium sp.) . ..... . ... ... 65 6 , 199 78 78 1 . 20 95 25 . 4 3 .7 
Soybean plant (Glyci11e sp.) . ... . . . .... . .... . 55 4,862 65 75 1 .18 88 19.8 4 .4 
Sweet clover plant (Melilotus sp. ) ... ......... 70 5 , 264 77 68 1 .10 75 19 .0 3 . 9 
Sudan grass leaves (Sorghum vulgare 
var. suda11e1zse) . .. . . .. . . ... . . . . . . .. . .... 35 2 ,552 35 73 1.00 73 22 .9 3 .2 
Corn plant (.(ea mays) . .. . ... . ... . . . . .. . . . . . 100 6 ,644 95 70 0 . 95 66 20 .4 3 .2 
Cabbage leaves (Brassica oleracea) . .. . .. ... . . . 70 4 , 222 65 65 0 .92 60 
I 
17 .5" 3 .4 
Amber cane plant [Sorghum vulgare 
(A11dropogon sorghum) J ... . . . ....... . . . ... 50 2 ,893 39 74 0 .78 58 22 .0 2 .6 
Timothy plant (Phleum pratmse) . .. ...... ... 35 1 ,886 29 65 0 .82 54 22 . 1 2 .4 
(Table 1-conlinutd) 
Wild mustard plant (Brassica sp.) . ... . ... . : . . 30 1,602 26 62 0 .86 53 15 .2 3 .5 
Oat sprout (Avena saliva) . ..... . ..... .. . .• .. 75 3,882 60 65 0.80 52 19 .3 2.7 
Great ragweed plant (Ambrosia lrifida) . .. .. .. . 50 2,428 38 64 0 .76 49 16.2 3 .0 
Corn silk (,Zta mays) . ... ............ . . ... . . 35 1 ,671 34 49 0.97 48 27 . 1 1.8 
Quackgrass plant (Agropyron repens) .. . •.. .. ... 50 2,285 34 67 0.68 46 20.2 2 .3 
Pumpkin plant (Cucurbita pepo) . ...... .. . . . .. 50 2 , 258 42 54 0 .84 45 17 .2 2.6 
Wheat sprout (Triticum atstivum) .. .. . . .... ... 45 1, 954 29 67 0.64 43 18 .2 2.4 
Watermelon plant (Cilrullus vulgaris). .. .. . ~ . . . 25 1 086 17 64 0.68 43 19.4 2 .2 
Cottonwood shoots (Populus deltoidts) . . .. . . . .. 30 1 ,263 29 44 0 .96 42 27 . 1 1. 5 
Hemp (Cannabis saliva) . ....... . ..... .. .. ... 50 2,039 36 57 0.72 41 12 .3 3.3 
Willow shoots (Salix sp.) .. ....... . . . .. . . .. . . 60 2,392 46 52 0 .76 40 17 .4 2 .3 
Crabgrass plant (Digitaria sanfuinalis) . ... .. ... 35 1 , 230 23 53 0 .66 35 20.5 1. 7 
Mulberry shoots (Morus rubra .. . . . ... . .. .... 35 1 , 161 21 55 0 .60 33 9.6 3 .4 
Corn tassel (,Zea mays) .... .. .. ....... . . . . . . . 35 1, 151 29 40 0.82 33 22.9 1.4 
Meadow foxtail grass (Alopecurus pratensis) . . .. . 75 1 ,698 34 50 0 .45 23 12 .8 1 .8 
Sudan grass seedhead (Sorghum vulgare 
var. sudanense) ....... . ... . .... ... . .... .. . 30 696 16 44 0 . 53 23 17 .5 1. 3 
Ripe tomato (Lycopersicon tsculenlum) . .. . . ... . . 20 387 9 43 0 .45 19 18 .3 1.0 
Castor-oil plant (Ricinus communis) ..... ...... . 40 701 15 47 0 .37 18 12 .2 1. 5 
*Scientific names from Gray (4) and Hitchock (5) . 
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leaf lettuce with average eggs per female of 114 and 112, respectively. 
Fifth place was taken by females feeding on onion plants, with an aver-
age of 95 eggs per female. Soybean was sixth with 88 eggs per female; 
sweet clover, seventh, with 75 per female. From this position there was a 
more gradual and almost regular reduction in egg production through the 
remaining 23 food plants. Thirtieth, and last, in rank was the castor-oil 
plant with an average of 18 eggs per female . 
Isely (7) classifies M. bivittatus among the "mixed feeders" which 
naturally feed on £orbs, but will eat grasses and other wild and culti-
vated plants when coarser weeds are not available. Wild lettuce (La,ctuca 
sp.) is included among the £orbs, and its position in Table 1 points up its 
importance in the eating habits of the two-striped grasshopper. The 
writers have not had access to the "progress reports" of Pfadt, referred 
to by Isely (7) . Pfadt (12, 13) is reported as finding alfalfa "one of the 
first choice foods" for eight species of Wyoming grasshoppers, all Cyrta-
canthacrinae. This finding is of interest in view of alfalfa's effect on the 
fecundity of M . bivittatus. 
When results from the mixed-diet grasshoppers ("controls") of Table 
2 are compared with those from the single food plant experiments of 
Table 1, it is evident that either wild lettuce, alfalfa, red clover, garden 
lettuce, or onion plant, as separate foods, is associated with better egg 
pr oduction than is exhibited by ovipositing grasshoppers on a mixed diet. 
Wild lettuce and alfalfa are particularly striking with records of approxi-
mately 140 eggs per female, as compared with an average of 91 eggs for 
./ females on the mixed diet. These results point to rather clear-cut influence ./ 
of the better separate foods as well as the mixed diet on egg formation 
alone, for there seems to be no significant difference in the days of survival 
by the females after oviposition had begun. It should be pointed out again 
that these experiments were carried out on 'hoppers that had reached the 
adult stage before being put on these separate or mixed foods. Whether 
results of the same magnitude would appear with specimens of M. bivit-
tatus reared on such separate foods or mixed diets throughout their whole 
lives is not known, although Sanderson's (15) results with M. differen-
tialis indicate the differences might be even more pronounced. 
The high reproductive potentials with alfalfa and red clover, espe-
cially the former, support the suggestions previously mentioned that 
certain crops, notably alfalfa, may be factorial in building up large grass-
hopper populations. 
Judging from the results in Table 1, other cultivated crops often 
found in large acreages, such as soybeans, sweet clover, corn, timothy, and 
oat sprouts, as separate foods, apparently are not so likely to be correlated 
with a higher fecundity by M. bivittatus. Wheat sprouts rank nineteenth 
and are, in general, about half as effective as a mixed diet and about one-
third as effective as alfalfa and wild lettuce. Neither mature oats nor 
wheat, with seed-heads, was tested; such a stage of these crops might give 
different results. Maltzev (8) has reported that adults of Pachytylus 
migratorius L . raised on oats do not develop genital products. 
TABLE 2 
SUMMARY OF DATA FROM CONTROL SPECIMENS OF M. bivittatus (Say) ON MIXED DrET* 
Ave. No. 
Days 
Survival 
Per 
Female Ave. o. 
Total No. Total Ave. No. Ave. No. Ave. No. After Eggs Per 
No. Pairs Eggs Egg Pods Eggs Pods Per Eggs Per Onset of " Female-
Year Tested Produced Deposited Per Pod Female Female Oviposition Day" 
1938 ...... . . ... . . . . . . . . . . -so 5,061 67 75.5 1.3 101.2 25 .3 4.0 
1939 . ............. . . . . . . . 100 9,073 120 74.4 1 .2 90.7 22 .2 4 .1 
1940 .... .... . . . . . . . . . . 100 8, 155 120 67 .9 1 .2 81.5 20 .7 3 .9 
Averages .. . ...... . ..... . . . .. .. .. .. . . .... ... . . . . . . .......... 72.6 1 . 2 91.1 22 .7 4.0 
*These data from Drake, Decker, and Tauber (3). 
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FOOD PREFERENCES IN RELATION TO SURVIVAL AND EGG PRODUCTION 
Uvarov (20) and Shotwell (17) have noted certain food preferences 
of grasshoppers. The present experiments show no regular agreement 
between such specific preferences and egg production. In a shelterbelt 
in South Dakota in 1931, mulberry seemed to be the first choice as a tree-
food by Melanoplus bivittatus (17), but mulberry leaves ranked twenty-
fifth among the 30 foods tested; the average number of eggs per female 
was less than one-fourth the alfalfa average. Small grains are reportedly 
preferred to alfalfa and corn in the field (17) , but in the present experi-
ments both alfalfa and corn are better egg producers than oat and wheat 
sprouts. Here, again, the days of survival on these four foods do not differ 
significantly. Wild lettuce (Lactuca) is first in egg production, and was 
also reported (17) to be a favorite food, especially during rather dry 
weather. Although "a distinct preference for corn silk" has ·been noted 
(17), it is approximately only one-third as good as wild lettuce for egg 
production, namely, 48 to 141 eggs, respectively, per female. 
Shotwell (17) also noted an aversion, on the part of M. bivittatus, to 
sorghums after the latter reach a certain stage of growth. However, when 
M. bivittatus has no other food, as was the case in one of the present trials, 
it will eat sorghum (amber cane) and do fairly well: eleventh in egg 
production and among the better examples in average days of survival. 
Spain (18) proved that castor-oil plant was a poor food for grasshoppers. 
In these experiments, two-str iped grasshoppers on castor-oil plant made 
the poorest record (average of 18 eggs per female) , and the survival 
time was also one of the lowest. 
During the three summers of diet tests, observations on food prefer-
ences also were noted. One of the most striking selections was evidenced 
with blooming red clover. When this plant, with flower heads, was put 
in a cage, the flowers were invariably eaten first; the preference was so 
pronounced that a determined "belligerence" between competing feeders 
often was provoked. This tendency to destroy clover flower heads could 
be particularly detrimental if attempts were being made to produce ma-
ture clover seed as a market crop. 
Blossoms on sweet clover, wild mustard, hemp, and on corn tassels 
were also favorite foods, but not to the degree of red clover flowers. 
Swain (19) has recently noted a similar damage to inflorescences by the 
Mormon cricket, Anabrus simplex. Wild lettuce, alfalfa, garden lettuce,. 
red clover leaves, sweet clover leaves, corn plant, wild mustard, ragweed, 
corn silk, and hemp leaves all were eaten in large amounts as separate 
diet items. No particular liking for crabgrass, quackgrass, or meadow 
foxtail grass was observed, although "Graminaceous plants" are recorded 
as the preferred natural food by many grasshoppers (10, 20). 
Gardeners often have come upon a grasshopper nibbling on a near-
ripe tomato. This habit prompted the inclusion of ripe tomato in these 
tests. As an item of regular diet it was noticeably preferred, but as a 
stimulus to egg production tomato ranked twenty-ninth. Perhaps the 
'hoppers' destructive eating of tomato may be laid to a fortuitous meeting 
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with an easily procured and abundant source of moisture. Perhaps, also, · 
variations in the volume of "bleeding" from plants or differences in the 
water content of the tissues may explain why some plant species in a 
field may be eaten down into the ground, while other species are rela-
tively untouched. 
Our experience with mulberry leaves does not agree with Shotwell's 
(17) observation of preference as noted above in the South Dakota 
shelterbelt. Mulberry leaves were not readily or eagerly consumed, even 
on young sprouts. Mulberry furnished poor food for egg production and 
gave the shortest average survival time among the 30 food tests: 9.6 days, 
as compared with an average of 22.7 days on a mixed diet. However, after 
a few days with no other food than mulberry, the quantity eaten was 
noticeably increased, and mulberry leaves seemed to be eaten with more 
"enthusiasm." Mulberry leaves were consumed in perceptibly greater 
amounts than either willow or cottonwood leaves. 
In regard to some cases of defoliation, it should be remembered that 
in hot, dry periods, grasshoppers "roost" in trees and shrubs to escape the 
heat of the baked earth. They may eat while there-a necessity of cir-
cumstance rather than a dietary choice. 
In connection with preferences for certain parts of plants, it may be 
pointed out that whole young corn plants (8 to 18 inches high) , corn silk, 
and corn tassels were tested separately. All three foods were eagerly 
eaten, but egg production was, respectively, 66, 48, and 33 eggs per 
female; and survival was, again respectively, 20.4, 27.1, and 22.9 days 
per female. Young plants of Sudan grass and Sudan grass seedheads in 
the green stage also were tested separately. The seedheads were not 
especially relished. Egg production was 73 per female for the plant as a 
whole and only 23 for the seedheads alone. Survival was 22.9 days per 
female on the entire plant, 17.5 days on its seedhead. 
CONSISTENT RESULTS FROM REPEATED TRIALS 
Availability of cages, collectibility of grasshoppers at the necessary 
stage of development, and abundance of certain foods from year to year did 
not make it possible to test all 30 foods during each of the three summers. 
However, 12 of the 30 test plants were used every summer. When these 
12 are arranged for each year according to the average number of eggs 
produced per female , the rankings are as shown in Table 3. 
Table 3 does not exhibit an absolute consistency in the ranking of the 
12 foods from year to year, but the agreement in general position is re-
markable, considering all the variables which could enter experiments 
of this type. The three seasons, naturally, were not climatologically iden-
tical; each of the foods could not be in exactly the same state of develop-
ment each year. Seventeen of the remaining 18 foods were tested for 2 
years; 7 of the 17 had exactly the same rank in the 2 years, or fluctuated 
just one position up or down in the order. Wild mustard was used only 
once; a nearby source was not available in the other 2 years. 
The consistently poor showing of meadow foxtail grass in all 3 years 
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TABLE 3 
D ESCENDING ORDE R OF F oon P L ANTS FOR THREE Y EARS A CCORDING TO AVERAGE NUMBER 
OF E GGS P ROD UCED BY F EMALES OF M. bivittatus (Say) 
Rank 1938 1939 1940 
1. . .. . . . . . . . . . . . . Alfa lfa Wild Lettuce Wild Lettuce 
2 ..... . . . . . . . .. Wild Lettuce Alfalfa Alfalfa 
3 ..... . . . . . . . . . .. Garden Lettuce Garden Lettuce Red Clover 
4 ... . . . . . . . . . . . . . Red Clover Red Clover Onion Leaves 
5 ... . . . . . . . . . . . . . Onion Leaves Onion Leaves Garden Lettuce 
6 .. .... . . . . . Corn Plant Sweet Clover Corn Plant 
7 .. .... ... . . . . . Cabbage Leaves Corn Plant Cabbage Leaves 
8 .. . . . . . . . . . . . . . ' Sweet Clover Cabbage Lea ves Sweet Clover 
9 ... . . . . . . . ..... Oat Sprouts Oat Sprouts Pumpkin Plants 
10 .... . . . . . . . .... Pumpkin Plants Willow Shoots O at Sprouts 
11 .......... . . . . . Willow Shoots Pumpkin Plants Willow Shoots 
12 .. . ... . .... .. ... Foxtail Grass Foxtail Grass Foxtail Grass 
adds another bit of support to Isely's (7) expression that certain grasses 
are not always the best or preferred food of all grasshoppers, contrary 
to some published accounts. 
RELATION BETWEEN DURATION OF SURVIVAL AND FECUNDITY 
Since egg production by the female of Melanoplus bivittatus in suit-
able environmental surroundings is typically not a matter of a single 
oviposition, the number of het life span's days available after copulation 
for successive egg deposits becomes an important factor in measuring her 
egg productiveness. To determine the exact number of days each female 
lived after her initial oviposition was, of course, impossible in these tests 
with such large numbers and with five pairs per cage. But, since all the 
test 'hoppers were of about the same age when collected in one small 
locality and had passed through the same developmental history, it is 
perhaps permissible to assume that the majority of the females would be 
ready to produce the first egg pod within a few days of each other's deposi-
tions. On this assumption, therefore, each female's potential oviposition 
period was measured from that day when the first egg pod was found in 
any of the experimental cages. The average figure for the duration of 
this period for females on each kind of food is recorded in Table 1. When 
the average number of eggs per female is divided by this average "ovipo-
sition-survival" figure, the average number of eggs per "female-day" is 
available. This figure also is recorded in Table 1. Is this average number 
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of eggs per female-day a better measure of egg productiveness than the 
simple average number of eggs per female? According to data accruing 
from these experiments, there seems to be little choice. Although there 
is not complete agreement between the position in rank of the two aver-
ages, one can see that, in general, higher egg production per individual 
usually demands a higher number of days of survival. 
There are some notable exceptions to the above generalizations. For 
example, females feeding on corn silk alone, and cottonwood leaves alone, 
both had average oviposition-survival :figures of 27.1 days-the highest 
among the 30 tests. Yet the average numbers of egg per female-day in 
these two cases were seventeenth and twenty-first in rank. Also, females 
on mulberry leaves had the shortest average oviposition-survival time 
(9.6 days), but their average number of eggs per female day was not 
the lowest. 
. Table 1 also presents averages for the number of eggs per pod and 
for the number of pods per female for each food. Here again, in both 
categories, there is general agreement in rank with the average number 
of eggs per female. In other words, females with the higher average egg 
records produce a larger average number of pods, and those pods tend 
to contain more eggs. 
EFFECT OF DRY FOODS 
Table 4 contains results of preliminary experiments with drying and 
dried foods. The samples in each case (only 10 pairs) are undoubtedly 
too small to warrant unqualified conclusions, but perhaps some trends 
may be legitimately deduced. At least it seems clear that egg production 
under all of these rather. drastic conditions is poor, the drying timothy 
giving the lowest record (4 eggs per female) in all of the operations. With 
access to water provided in the trials with dry alfalfa, the 'hoppers appar-
ently can do as well as on some foods which were supplied as they occur 
in nature (Compare Table 4 and the lower part of Table 1). 
Surprisingly good records came from these dry food trials so far as 
average survival time was concerned. Drying corn and dry alfalfa plus 
water allowed the tested females to survive as long, on the average, as 
those females which gave the best records on succulent foods. Drying 
alfalfa and drying timothy, however, were not able to support life for 
very long; only females fed castor-oil plants exhibited a lower average 
survival. 
It may be incidental coincidence in these preliminary trials, but egg 
production varied directly with each plant's resistance to drying out 
completely during the duration of the tests. The thick corn stalks could 
retain considerable moisture in the roofed screen-house, and the 'hoppers 
on drying corn ate large wedges into the moisture-filled stalks in prefer-
ence to the thoroughly dried leaves. Similarly, the thicker stalks of alfalfa 
would retain more moisture than the thin timothy stems. Those females 
on drying alfalfa thoroughly "barked" the stems after the leaves had 
become dry. 
TABLE 4 
EGG PRODUCTION AND URVlVAL OF M. bivittatus (Say) FEMALES ON FOODS DEFICIENT IN WATER 
Ave. No. 
Days 
Survival 
Per 
Female Ave. No. 
Total No. Total Ave. No. Ave. No. Ave. No. After Eggs Per 
No. Pairs Eggs Egg Pods Eggs Pods Per Eggs Per Onset of "Female-
Food Tested Produced Deposited Per Pod Female Female Oviposition Day" 
Drying corn .. .. . . . . . . . . . . 10 348 6 58 0 .6 35 24.4 1.4 
Drying alfalfa . .. .... .. .. .. 10 290 4 73 0 .4 29 13 .7 2 . 1 
Drying timothy .... .. . . ... 10 40 1 40 0.1 I 4 13 .7 0 .3 Dry alfalfa plus water . .. . .. 10 382 8 48 0.8 38 23.9 I. 6 
-
- ---
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NERVOUSNESS ASSOCIATED WITH WATER DEFICIENCY 
Another reaction was noted in the cages with the drying foods. As the 
plants became more dehydrated, the 'hoppers caged thereon became in-
creasingly restless and were much more inclined to jump and fly about 
forcefully and vigorously in attempts to escape from the slightest dis-
turbance-even simply that of an observer's walking past the cages. In 
comparison, test 'hoppers on green food became quite "tame" and were 
decidedly more tolerant of the manipulations of the experiments. Could 
such hyper-irritability, as displayed by the thirsty 'hoppers, play a part 
in the migration of solitary 'hoppers by making them more receptive to 
some stimulus which would initiate an "explosion" of motion? Uvarov 
(20) is of the opinion that shortage of green food does not account for the 
migration of gregarious locusts which move in bands. In the case of flights 
by so-called solitary 'hoppers, the situation may be somewhat different. 
Rockwood has noted that such 'hopper flights seem to be connected with 
high temperatures and low relative humidity (14). Under drouth condi-
tions, these factors would be paramount (9, 10). The irritability which 
seems to accompany a scarcity of succulent food, along with the heat 
which prevails in summer dry spells on the Great Plains of the United 
States, might conceivably establish conditions for setting such group 
flights into operation. The increased flying and jumping resulting from 
some stimulus-perhaps a sudden fl.utter of a branch, or the flight of a 
bird, or a gust of wind-might be sufficient to provoke the nervous pests 
into migratory flight. 
Uvarov's view (20-) that the impetus for swarming and migration is 
centered in an increased internal body temperature resulting from subjec-
tion to environmental warmth possibly could contribute also, nevertheless. 
A 'hopper with access only to dry food would tend to become dehydrated. 
Presumably less water vapor would be available for release in respira-
tion, and a point must be reached eventually when the insect attempts to 
restrict this water loss. Bodine (2) has shown that M. femur-rubrum and 
M. differentialis may lose from 20 per cent to 25 per cent in body weight 
when fasting, and this loss comes mainly from a decrease in the water 
content of the specimens. Water has a high heat capacity and would be 
used as a "carrier" for the elimination of excess metabolic heat as well 
as excess warmth taken up from the environment. If this heat loss 
mechanism could not function because of a deficiency of evaporatable 
water, the internal temperature of the dehydrated 'hopper might rise to 
that level of irritability which Uvarov proposes in his explanation of 
swarming, or which the writers suggest as the basis for the extra recep-
tiveness to stimuli which provokes flight. The higher internal body 
temperature, by itself, probably is not responsible for the migration 
phenomenon. Perhaps hyperirritability and higher body temperature fit 
into a chain of interactions which will weave themselves into the complete 
eventual explanation of massed 'hopper flights. This suggestion of the 
writers is, it is to be understood, only a matter of conjecture; no experi-
mental evidence is now available. 
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CANNIBALISM 
In those cages with drying food, cannibalism was very pronounced. 
Dead specimens were removed each morning and noon, but nevertheless, 
32 of the 60 'hoppers in these cages suffered from the craving of their 
cagemates for moisture. The soft abdominal region was usually first 
opened; in some cases nearly the whole body was consumed. Inasmuch 
as the last 6 survivors (1 in each cage) could not consume themselves, 
the percentage of cannibalism would be based on 32 cases out of 54 
deaths, giving a figure of 59.3 per cent. In the two cages with dried 
alfalfa plus water, no cannibalism occurred. Among the more than 3,000 
'hoppers on green food, only a few bodies were even partially eaten. 
COMPARISON WITH PREVIOUSLY PUBLISHED RECORDS 
Shotwell (17) recounts certain information gathered from five pairs 
of M. bivittatus maintained throughout their entire lifetimes under labora-
tory conditions at room temperature. No mention is made of the type of 
food. These five females averaged 127 eggs, in comparison with an aver-
age of 91 eggs produced by the 250 females on a mixed diet used in the 
trials described by Drake, Decker, and Tauber (3). Only those females 
on wild lettuce and those on alfalfa exceeded the average of the five 
females studied by Shotwell. Although Shotwell does not record the 
number of days each female survived after the first oviposition, this 
information can be calculated from other data he furnishes and comes to 
an average of slightly more than 15 days. This figure is less than the 
average survival on the mixed diet investigations, namely 22.7 days (3), 
and less than the average survival for many of the females on single food 
plants (see Table 1). 
In his experiments Shotwell (17) was able to determine the number 
of days between copulation and the first oviposition. This time averaged 
18.4 days for his five specimens and ranged from 7 to 30 days.· The duration 
0£ this postcopulation period would prove very important in experimental 
procedures such as the present ones when separate food items were tested. 
If it so happened that a certain unvaried item of diet was not favorable 
to sustain life for a sufficient length of time (averaging 18.4 days after 
copulation) to allow maturation of the ova, the female would die before 
ovipositing. This factor may be crucial in explaining the inability of 
certain plant foods to make high records in egg production. The females 
concerned would simply die before their genital products were ready to 
be released. 
SUMMARY AND CONCLUSIONS 
1. Field-collected specimens of M. bivitattus (Say) were used dur-
ing 1938, 1939, and 1940 to test the maintenance value, as measured by 
egg production and adult longevity, of certain separate wild and culti-
vated food plants. 
2. Five pairs of newly emerged adult 'hoppers were placed, before 
mating, in each cage (12x12x24 inches, with removable soil tray at bottom). 
EGG PRODUCTION AND ADULT SURVIVAL OF GRASSHOPPER 357 
From the time of caging the experimental specimens until death, indi-
viduals in each cage received only one kind of food. Plants were either 
potted or cut and kept fresh in water. Food was always changed at least 
once daily; during very hot weather fresh food was offered twice daily. 
3. Parallel set-ups of cages with a "mixed diet" were managed during 
the same seasons, and served as controls. 
4. All control and experimental cages were kept under roof in an 
open screen-house, with access to free circulation of air currents. 
5. Preliminary trials also were made to determine the effects of dry-
ing food, and dried food plus water, on oviposition and adult longevity. 
6. Thirty different fresh plant materials, three drying foods, and one 
completely dry food plus water, were tested. 
7. Nearly 1,600 pairs of 'hoppers were tested on the different sepa-
rate items of diet; 250 pairs on mixed diet served as controls. The maxi-
mum number of pairs on any one food was 100 on young corn plants. The 
minimum number on ftesh food was 20 pairs on ripe tomato. Only 10 pairs 
were tested on each of the drying and dry foods. Seventeen of the fresh 
foods were tested on 50 or more pairs; 12 plants on 25 to 50 pairs; only 
one on as few as 20 pairs. 
8. Wild lettuce and alfalfa effected the highest egg production with 
an average of 141 and 140 eggs, respectively, per female. Other high pro-
ducers were red clover, garden leaf lettuce, onion plants, soybean, and 
sweet clover. Castor-oil plants and ripe tomato gave the lowest egg 
records with an average of 18 and 19 eggs, respectively, per female. 
9. The average number of eggs produced per female on the control 
mixed diet was 91.1. Five of the separate foods (wild lettuce, alfalfa, 
red clover, garden leaf lettuce, and onion plants) exceeded the control 
egg record. Wild lettuce and alfalfa averaged more than 1.5 times the 
control average. 
10. High reproductive potentials with alfalfa, red clover, and some 
other cultivated plants lend support to suggestions by other authors that 
certain farm crops, notably alfalfa, sometimes may be factorial in offering 
an· exceptional nutritional environment for building up higher populations 
than would occur in similar localities with only natural wild food plants 
available. 
11. No regular agreement appears between egg production and those 
food preferences listed in other publications. For example, corn silk, 
reported to be severely attacked in the field, also was eagerly consumed by 
caged 'hoppers, but egg production of the 'hoppers caged with corn silk 
alone ranked seventeenth among the 30 foods. The most striking food 
selection noted in the present experiments was exceptionally marked 
preference for red clover blossoms. This feeding habit would be very 
disastrous in clover fields left for seed production, even when only mod-
erate populations of grasshoppers were present. 
i2. Not all 30 fresh foods were tested during each of the three sea-
sons. However, 12 foods were tested each summer, and a general agree-
ment in results from year to year is evident. 
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13. Although higher egg production usually is associated with longer 
adult survival, some noteworthy exceptions were found. Females feeding 
either on corn silk or cottonwood leaves alone had average survival figures 
of 27.1 days from the time of initial oviposition until death. This average 
was the highest among the 30 groups tested on fresh foods. But the aver-
age numbers of eggs per female in these two cases were seventeenth and 
twenty-first in rank. The shortest survival was 9.6 days on mulberry 
leaves, but the average egg production on this food ranked twenty-fifth. 
14. There is a general positive correlation between high average egg 
production, high average number of pods, and high average eggs per pod. 
15. The necessity of abundant succulent food is demonstrated in the 
preliminary trials with drying foods. While fresh alfalfa gave an average 
of 140 eggs per female, drying alfalfa produced an average of only 29 eggs. 
When water was constantly available to 'hoppers on brittle-dry alfalfa, 
the average egg production came up to 38 per female. Surprisingly good 
survival records resulted on dry alfalfa plus water, and on drying corn in 
which stalk tissues furnished some moisture long after the leaves were 
brittle-dry. Drying alfalfa and drying timothy, however, were not able to 
support life for very long. 
16. Grasshoppers on dry foods became very nervous and conse-
quently more susceptible to slight stimuli which provoked unusually 
strong escape reactions. It is conjecturally suggested that such hyper-
irritability may, perhaps, be a factor in the initiation of mass flights which 
solitary grasshoppers of the American plains make when their food supply 
becomes somewhat dry and their internal body temperature rises during 
periods of drouth and high temperature. 
17. In cages with dry food and no water, 59.3 per cent of the dead 
'hoppers showed some degree of cannibalistic attack, even when dead 
specimens were removed every morning and noon. No cannibalism oc-
curred in cages with dried alfalfa and water. Only a few cases of canni-
balism were noted among the more than 3,000 specimens on succulent 
food. 
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PYTHIUM ROOT NECROSIS OF OATS1 
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Oats in the seedling and boot stage often are yellow and stunted, and 
the lower leaves may be brown and dead. These symptoms occur to some 
extent each year and may be observed in oat fields throughout the state. 
At heading time the yellow, stunted oat plants tend to regain their normal 
green color and seemingly recover from the diseased seedling condition. 
Growers long have recognized that this yellowed and stunted condition of 
oats during the early spring resulted in a reduction of the oat crop. 
Several years' observations indicate that even though the above-de-
scribed symptoms occur each year, they are most pronounced when condi-
tions are unfavorable for the rapid growth of the oat plant. The yellowing 
and stunting of oats in April and May has been thought to be a result of 
one or more conditions, such as cold weather, excess moisture, deficient 
nitrogen, lack of aeration, root parasites, etc., but few data have been ob-
tained supporting any one of these theories. 
In 1922 Gram and Rostrup (2) briefly reported that a root blight 
caused by Pythium debaryanum Hesse and species of Fusarium had been 
found in some oat and barley fields in Denmark. A species of Pythium 
parasitic on oat roots was reported by Subramanian (11), Robertson (9), 
Vanterpool and Truscott (14), Brandenburg (1), and Ho and Melhus (3). 
None of these investigators, however, studied the interaction of the host 
and causal organism or the effect of environmental conditions on the ac-
tivity of Pythium on the roots of oat plants. 
A detailed study was undertaken in the spring of 1938 to determine 
whether the roots of field-grown oat plants were parasitized, and if so, how 
extensively and by what pathogen or pathogens. The preliminary results 
of this investigation indicated that species of Pythium were parasitizing 
the roots and might be partially responsible for the foliage symptoms so 
evident during April and May. A study of the host-parasite relationship 
and the effect of the pathogen on the growth and development of the plant 
itself then seemed necessary. 
SYMPTOMS 
On oats, Pythium is strictly a seed and root parasite, causing a 
stunted and yellowed condition of infected plants. Symptoms on the 
'Journal Paper No. J-1240 of the Iowa Agricultural Experiment Station, Ames, 
Iowa, Project No. 432. 
' The author wishes to thank Dr. I.E. Melhus for proposing the problem, offering 
timely suggestions during the course of experimentation, and aiding in the preparation 
of the manuscript. Thanks are also due Dr. H. C. Murphy for his helpful suggestions 
and Dr. J . e. Gilman for his constructive criticisms of the manuscript. 
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glumes, the endosperm, and the developing embryo of germinating seed 
and on primary and secondary roots are caused by the direct action of 
the pathogen. 
1. On seed and on young seedlings prior to emergence: If conditions 
following sowing are such that the seed requires 1 week or longer to 
germinate\ the seed may be rotted and the stand reduced. The glumes 
of rotted seed are blackish brown in color but remain intact and retain 
{ ' 
v 
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F ig. 1. Symptoms caused by Pythium debaryanum on oats. A, unplanted oat seed. B, 
a seed planted in steamed soil. C, seed planted in Pythium-infested soil. D , nor-
mal seed, glumes removed, showing white color of uninfected embryonic tissues. 
E, seed with discolored and dead embryo. F , G, H , I, young seedlings infected 
with Pythium; glumes removed except in H. J, K, normal seedlings showing no 
infection. L , Pythium-infected seedling showing the early stages of root infection. 
M, infected seedling showing adherence of soil particles to infected parts of the 
roots. N, 0 , seedlings showing Pythium lesions on the coleoptile. P, Pythium-
infected seedling showing late stages of primary root necrosis and infected sub-
crownal internode. (Drawn by Marie A . Lincoln) . 
their original shape as shown in Figure 1,C. If the infected glumes are 
removed from the caryopsis and the embryo examined, it may show that 
the embryo was attacked and killed before any apparent development had 
taken place (Fig. 1,E) . The developing seedling often is killed between 
the time the plumule and the radicle begin to develop and the time the 
coleoptile appears above the surface of the soil (Fig. 1, F, G, H, I). During 
this time the organisms may attack the developing radicle before the pri-
3 The author considers germination to be complete when raaicle growth has be-
come evident; following this, the developing embryo is considered a seedling. 
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mary roots are visible and kill them before they have reached a length of 
% cm. As the roots are killed, the organism grows up into the vascular 
plate and may grow into the coleoptile and its enclosed leaves. Infected 
parts usually become brown in color and distorted in shape. Note differ-
ence in color and extent of root system of healthy seedling, Figure 1, J, as 
compared with Figure 1, I. 
2. On coleoptile and subcrownal internode. Pythium ii;rlection on the 
developing coleoptile causes the appearance of typical blackish-brown 
lesions. Such lesions are shown in Figure 1, N , 0 . The lesions are small, 
circular, dark-brown spots that seldom exceed 2 mm. in diameter. In 
some cases, however, long, linear, dark-brown lesions that may be % to 1 
inch in length are found. This type of lesion apparently is caused by the 
elongation of a coleoptile on which a circular lesion has developed prior 
to elongation. Both types of lesions usually are restricted to the surface 
of the coleoptile, because the pathogen rarely penetrates the coleoptile 
tissues to attack the leaves and stem enclosed within. After the coleoptile 
emerges and the first leaf is formed, coleoptile lesions may be found above 
the soil surface. 
If infection occurs at the time radicle growth has been initiated, the 
pathogen may grow upward into the subcrownal internode. If such an 
infected seedling emerges, the subcrownal internode may reach. a length 
of 1 inch or more, depending upon the depth the seeds are planted in the 
soil. The entire subcrownal internode, extending from the primary roots 
to the crownal node, may be infected and killed (Fig. 1, P). Internal 
spread of Pythium from the point of infection seldom has been observed 
above the crownal node. In a few cases, Pythium has been found at the 
base of the stem immediately above the soil surface. In such instances the 
base of the stem may become discolored and shriveled. 
3. On primary and secondary roots. Under conditions favorable for 
P. debaryanum the primary roots may be infected as soon as they emerge 
from the germinating seed (Fig. 1, G, H) . The first symptoms on an in-
fected root is a water-soaked, translucent area (Fig. 1, L) . These infected 
primary roots later become reddish-brown throughout, slightly enlarged, 
and irregular in shape. Young branch roots may be attacked and killed 
just as they emerge through the epidermal layers of the small primary 
root (Fig. 1, H) . Sometimes soil particles are matted and stuck to the 
surface of the infected areas by the mycelium of the parasite. The adher-
ence of soil particles to the infected roots, as shown in Figure 1, M, is 
strikingly characteristic of the disease and may be used as a diagnostic 
symptom when searching for Pythium root injury. 
Lesions found on secondary roots are similar to those already de-
scribed on primary roots but are more limited in extent. 
4. On foliage : Oat plants growing in Pythium-infested soil may show 
stunting, yellowing, and dying of the basal leaves. Stunting begins when 
the plants are in the seedling stage and becomes increasingly pronounced 
until heading time. After 2 to 3 weeks, the basal leaves of the infected 
plants gradually become yellow and begin to die from the tips back. 
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Yellowing and stunting of oats plants was general throughout many 
fields in 1938. In such fields, all plants seemed to be equally affected and 
no differences were found between plants growing on high, well-drained 
land and those growing on low, poorly-drained land. In 1939, however, 
yellowing and stunting was restricted to spots. These spots varied from 
1 to several yards in diameter and usually were confined to low, poorly 
drained areas. Spots containing yellow, stunted plants were surrounded 
by normal-appearing green plants, and the region of transition from yellow 
plants to green plants was distinct. As the season advanced and the plants 
began to head, the yellow spots disappeared, because the plants tended 
to regain their normal green color, and heading more or less screened the 
stunted condition. The development of the stunted plants, however, was 
much slower than that of the adjacent green plants. 
Stunted, yellowed plants tiller from 1 to 2 weeks later than normal 
plants. Tillers that appear under these conditions usually dry up and die 
before they complete development. Under field conditions, yellowed plants 
seldom have more than one culm but may possess one to several par-
tially developed, dead tillers. 
EXPERIMENTAL RESULTS 
Prevalence and identity of Pythium on roots of oat seedlings: An at-
tempt was made to trace the prevalence of the pathogen in the field dur-
ing the growing season. In 1938 and 1939 isolations were made from the 
infected roots of field-grown oat plants at weekly or bi-weekly intervals 
during the entire growing season. 
One-half to 1-inch pieces of an infected root were thoroughly washed 
and placed beneath 2 per cent agar-agar in a petri dish. The solidified agar 
was lifted with a specially flattened needle by the Meredith (8) method 
and the infected root placed beneath it. This method of isolation reduced 
bacterial contaminations to a minimum. 
The early isolations yielded the highest percentages of Pythium iso-
lates (Table 1). The fact that Pythium was practically the only organism 
isolated during the first week of May in both years suggested that this 
organism was the initial causal agent of the root injury. As the seasons 
advanced, however, isolations yielded a lower percentage of Pythium, and 
on the final date no Pythium isolates were obtained. 
Not only did each successive date of isolation yield a decreased per-
centage of Pythium isolates, but a higher percentage of so-called secondary 
organisms, such as Fusarium, Helminthosporium, Rhizoctonia, etc., was 
obtained as the season advanced. Many of these secondary fungi were 
tested to determine their pathogenicity on oats, but none of them attacked 
the oat root to any extent at temperatures below 15°C. For the present, 
therefore, such fungi may be considered as secondary organisms following 
Pythium infection. 
The significant decrease in the prevalence of Pythium (from approxi-
mately 90 per cent to 0) in less than 2 months was attributed to the rapid 
increase in the soil temperature as the season advanced. In May and June 
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TABLE 1 
PREVALENCE OF PYTHIUM AND OTHER FUNGI ON THE ROOTS OF 0AT SEEDLINGS UNDER 
FIELD CONDITIONS DURING 1938 AND 1939 
• 
Percentage 
No. No. Helmin- Uni-
Isola- Isolates Pyth- Fusar- thospor- Rhizoc- den ti-
tions Obtained ium ium ium tonia fied 
1938 
April 30 .. . .... .. . 27 23 91 .3 4.4 0 4.3 0 
May 13 . .. . ... . ..... 61 58 79 . 3 10.4 0 5 . 1 5. 1 
May 21 ............ 100 84 48 .8 40 . 5 7 . 1 0 3.5 
June 8 . . ..... ... . . .. 28 24 25.0 50.0 4 . 1 0 20 .8 
June 25 .. .... . . . . . . . 33 17 0 41.2 0 0 58.9 
1939 
May 1 ... .... . . . . . . . 50 39 84.6 2 .6 5.1 0 7 . 7 
May 10 .. .... . . . •• lo • 30 30 80.0 3 .3 3 .3 0 13 . 2 
May 18 ... ... . . . . ... 30 26 38 . 4 8 . 0 4 .0 0 50.0 
May 24 . ............ 80 60 23 . 1 16 . 6 3.3 10. 1 45.0 
June 6 .... ......... · 1 30 22 9 . 1 36 . 3 13 . 0 0 41.0 
June 16 . ..... . ...... 33 30 16.6 16 .6 6 .6 6 .6 53 . 3 
June 30 . . ........... 40 30 0 33 . 3 13 .3 6 .6 46 . 6 
of both years the average soil temperature increased from 13.5° to 25°C. 
and the available moisture rapidly decreased in both. The data in Table 1 
indicate that Pythium flourished, because there was little competition 
from other organisms and because the growth of the oat root was retarded 
by the low soil temperature. As the season advanced, soil temperatures 
increased, other organisms became active, and Pythium was confronted 
with strong, rapidly growing, competing organisms. This fact, accom-
panied by the rapidly changing soil environment, may explain the sudden 
disappearance of Pythium from the infected oat roots. The increase of 
Pythium from 9.1 per cent on June 6, 1939, to 16.6 per cent on June 16 
was tentatively explained by the fact that 2.8 inches of rain fell between 
those two dates and lowered the temperature of the soil. By June 30, 1939, 
Pythium had disappeared from the oat roots, as it had in 1938 at the 
same date. 
During 3 successive years of isolation studies, practically all the 
Pythium isolates obtained had spherical sporangia. All isolates having 
oospores with smooth walls were identified as P. debaryanum, and those 
having oospores with spiny walls were identified as P. irregulare (7). Fre-
quently isolates were obtained that produced spherical sporangia like 
P. debaryanum, but these strains failed to produce oospores. Occasionally 
a P. graminicola isolate, with its typically filamentous sporangia, was 
obtained. This occasional occurrence of P. graminicola is remarkable, in 
view of the fact that barley (5), wheat (14), and corn (4) are seriously 
attacked by species of Pythium with filamentous sporangia. Strains of 
P. graminicola that can parasitize oat roots may exist, but to date none 
has been found in these studies involving many isolates of Pythium. 
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Of the species of Pythium commonly isolated from oats, P. debary-
anum Hesse was more common than P. irregulare Buis. Pythium irregu-
lare, however, was the most common organism found in the light sandy 
soil in the vicinity of Conesville, Iowa. Both species, nevertheless, were 
isolated from oats in widely !leparated parts of Iowa. 
Early greenhouse tests, in which each of the two species was thor-
oughly tested under controlled conditions, showed that P. debaryanum 
isolates were the most pathogenic and isolates of P. irregulare least patho-
Fig. 2. The total number of oat seedlings grown from 30 seeds of Swedish Select 
planted in soil infested with (from left to right) P . debaryanum, P . irregulare, and 
Non infested. 
genie. Figure 2 shows the relative pathogenicity of P. debaryanum and 
F' . irregulare on variety Swedish Select. Because of its pathogenicity, P . 
debaryanum was used in all subsequent greenhouse studies. 
FACTORS AFFECTING THE PATHOGENICITY OF PYTHIUM 
ON THE OAT PLANT 
Considerable variation in the reaction of duplicate plantings of the 
same variety of oats in artificially infested soil was noted in preliminary 
tests. It was evident that a set of standard conditions must be established 
before the relative resistance of a large number of varieties to P. debary-
anum could be determined. To do this, a brief study was made of certain 
factors that could be controlled and which were considered important in 
determining the severity of Pythium root necrosis in the greenhouse. 
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Period of development of the organism in artificially infested soil: 
Since pathogenicity tests were made by artificially infesting steamed soil 
with cultures of the organism grown on agar-agar, it was desirable to 
know whether the period of development following the infestation of the 
soil influenced the host-parasite relationship. To determine this, four 
5-inch pots were infested with equal amounts of P. debaryanum and incu-
bated 192, 120, 72, 48, 24, and 0 hours before the seeds were planted. 
Thirty seeds of the variety Bond were planted per pot and the pots were 
held at 12°-22°C. for 2 weeks. The experiment was repeated twice. 
Since the primary roots emerging from the seed were extremely sus-
ceptible to Pythium, and many were killed before they reached the length 
of 1h inch, the severity of the root necrosis was measured by counting the 
mean number of primary roots that exceeded 1 inch in length in each 
pot. In general, there were no significant differences in the severity of 
root necrosis in the six periods of incubation. 
The above method of measuring varietal response was used rather 
extensively during the early part of the investigations. It soon became 
obvious, however, that primary roots could be attacked at any stage in 
their development and that root growth was a better measurement for 
root injury than the number of primary roots that exceeded 1 inch in 
length. Measurements of root growth, supplemented by stand count and 
top growth measurements, were accepted as the best criteria for evaluat-
ing varietal response to P. debaryanum and were used in all further inves-
tigations. 
Significant differences (Table 2) were obtained in the root growth of 
plants receiving certain of nine different quantities of inoculum. The mean . 
root growth was 11.4 cm. when one unit of inoculum was placed at the 
seed level. A unit of inoculum was a pie-shaped segment of agar one-
fourth the size of a petri dish. Greater amounts of inoculum significantly 
increased the amount of root necrosis when compared with one piece of 
inoculum per pot. Inoculum in excess of one unit, placed at the seed level, 
was considered too severe for testing varietal resistance. The root injury 
of diseased seedlings collected from fields heavily infested with Pythium 
indicated that field infestation did not exceed that produced by placing 
one unit of inoculum in a 4-inch pot of steamed soil. 
Heavy dosages of inoculum increased the amount of injury but also 
increased the variation between replications. This type of variation was 
characteristic of greenhouse experiments conducted during the investi-
gations. In practically every variety that was tested in infested soil, cer-
tain plants escaped serious injury and appeared normal and healthy. Such 
plants caused wide variation among replications. In the most susceptible 
varieties some plants escaped serious injury regardless of how seriously 
the other plants were parasitized. The presence of these disease-escaping 
plants could not be explained on the basis of varietal susceptibility. 
The response of oat plants grown from primary and secondary seeds: 
When the panicle of an oat plant matures, one, two, or three seeds (the 
caryopsis with its adherent lemma and palea) may be formed in each 
TABLE 2 
STAND, M EAN RooT GROWTH AND MEAN Tor GROWTH IN CENTIMETERS OF VICTORIA OATS GROWN FROM 30 S EEDS 
IN 4-IN CH POTS RECEIVING 9 DIFFERENT AMOUNTS OF lNOCULUM 
Stand Mean Root Growth Mean Top Growth 
Mean of Three 
Replication Replication Replication Replications 
Amount of Inoculum I II III I II III 
I Root Top 
I II III Stand Growth Growth 
-
---
None . . . ................... . ... 26 24 26 11.2 15 . 1 12 . 3 9 . 9 12 . 4 11. 3 25 12.9 11.2 
One piece 1 cm. square at seed level 17 20 23 9 . 0 12.8 11. 8 8 . 4 12 . 2 11. 3 20 11.2 10 . 6 
One unit* at seed level. .... ...... 3 3 5 9 .8 12 . 4 11. 9 9.7 11. 5 8.6 4 11 . 4 9.9 
Four units at seed level ........... 1 0 2 0 . 5 0 . 0 8.3 6.3 0.0 8.9 1 2.9 5 . 1 
One piece 1 cm. square at seed 
level and one two inches below . . 19 19 20 4 .8 2.2 5 . 7 7.2 5 . 1 7.9 19 4 . 2 6 . 7 
One unit at seed level and one 
two inches below . . . . .......... 7 6 7 0 . 2 5.3 7.7 2 .7 7 . 7 8 . 0 7 4 . 4 6.1 
Four units at seed level and four 
two inches below .... .......... 2 1 3 1.0 11 .0 7.8 4 . 5 9.5 8.8 2 6 . 6 7.6 
Four units mixed throughout the pot 5 5 1 4 . 1 5.0 1. 5 6 . 3 6.4 8 . 5 4 3.5 7.1 
Eight units mixed throughout 
the pot. ......... .. ....... . ... 2 2 0 2.0 3 . 0 0.0 5.2 9 . 2 0.0 1 1.7 4 . 3 
* A unit of inoculum as used throughout this paper is equivalent to a pie-shaped segment of agar one-fourth the size of a petri dish. 
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spikelet (10). These seeds usually are referred to as primary, secondary, 
and tertiary, and the number developed is determined principally by the 
conditions under which the plant was grown. The primary seeds are the 
largest and under adverse growing conditions may be the only ones pro-
duced. Secondary and tertiary seeds are smaller than the primary seeds. 
Under Iowa conditions tertiary seeds seldom are formed. 
Primary and secondary seeds of the varieties, Anthony and Swedish 
Select, were planted in infested soil. The plants were grown for 14 days 
at 1S0 -22°C. At the end of the growing period the soil was washed from 
the roots, and mean root growth was recorded. The experiment was re-
peated four times. 
In general, the plants grown from primary seeds were as seriously 
attacked by Pythium as plants grown from secondary seeds. The differ-
ences that were observed were attributed to vigor and not to a difference 
in susceptibility between the two groups. 
When primary and secondary seeds were planted in steamed, non-
infested soil, there were no significant differences in the growth and de-
velopment of the plants derived from the two groups. In the absence of 
P. debaryanum, one group grew as rapidly as the other, but when the 
organism was present the primary seeds tended to produce the better 
plants. 
THE EFFECT OF TEMPERATURE ON THE GERMINATION OF OAT SEED 
SOWN IN PYTHIUM-INFESTED SOIL 
In Iowa, oats are sown as soon as the soil is tillable in the spring, 
usually about April 1. Following sowing, soil conditions may remain so 
unfavorable for growth that the seed require 2 weeks or longer to germi-
nate. In such cases germination may be so poor that replanting is neces-
sary. Because of poor stands, and because it is known that Pythium may 
parasitize the seed at the date of planting, an attempt was made to estab-
lish the relationship between temperature and the germination of oat seed 
planted in Pythium-infested soil. 
In 193S the oat variety, Swedish Select, was grown in constant tem-
perature chambers held at S0 , 15°, 20°, 25° , 30°, and 35°C. The seed was 
sown in 4-inch pots of soil that had been steamed 3 hours at 15 pounds 
pressure. One series of pots contained soil that had been infested with 
P. debaryanum grown on potato-dextrose agar, and another series con-
tained non-infested soil. The soil was infested with one unit of the in-
oculum per pot, thoroughly mixed with the upper 2 inches of soil; then 
30 seeds were sown in each pot. Two pots of infested and two pots of 
non-infested soil were placed at each temperature, and the experiment 
was repeated four times. 
The germination of oat seed at S0 , 15°, 20°, and 25°C. was strikingly 
lower in Pythium-infested soil than in non-infested soil (Table 3). Above 
25°C., however, differences between infested and non-infested soil were 
not so pronounced as at the lower temperatures, and at 30°C. germination 
in the infested soil equalled that in non-infested soil. At 35°C., the maxi-
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TABLE 3 
THE EFFECT OF TEMPER AT URE ON THE STAND OF V A RIETY SWE DISH S ELECT GROWN FRO M 
30 EEDS IN S OI L I NFEST E D WITH P . debaryanum 
Emergence 
Infested Noninfested 
T emperature No. Trials Soil M ean Soil M ean 
8 0 c ......... . . . . 1 2 . 29 
2 3 30 
3 1 . 29 
4 2 2 .0 30 29.5 
15° c ............ . 1 15 29 
2 11 30 
3 18 28 
4 12 14 .0 29 29.0 
20° c .. 
' ... ' ... l 13 30 
2 19 25 
3 13 29 
4 20 16 .2 30 28 .5 
25° C .......... ... 1 18 25 
2 19 30 
3 16 29 
4 22 18 .8 29 28 .2 
30° c ....... . . .... 1 21 23 
2 23 18 
3 23 26 
4 22 22. 2 22 22.2 
35° c .. .... . . ..... 1 0 2 
2 3 0 
3 0 1 0 0 .7 
mum temperature for the germination of oats was approached, because 
only an occasional seed germinated in either infested or non-infested 
soil. The data indicate that temperatures of 25°C. and lower may result 
in reduced germination of oat seed planted in Pythium-infested soil. At 
temperatures at 25°C. and 30°C. the seed germinated rapidly enough to. 
escape serious Pythium injury. The average soil temperature for April in 
1938 and 1939 was 13.5°C. The data in Table 3 indicate that a temperature 
of 13.5°C. may result in more than a 50 per cent reduction in stand. 
The effect of temperature on the growth rate of P. debaryanum: The 
growth rate for P. debaryanum was determined by growing the organism 
on corn meal agar at 1°, 5°, 10°, 15°, 20°, 25°, 30°, 35°, and 40°C. Ten petri 
dishes were placed at each of the nine temperatures. At the end of 62 
hours the mean radial growth of the mycelium was recorded for each 
temperature and plotted in Figure 3. 
The growth rate indicated that P. debaryanum should be a serious 
pathogen to the roots of oat plants at any temperature the latter can be 
grown. Root necrosis was most serious, however, between 5° and 20° C., 
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whereas injury became less pronounced as the temperatures increased 
from 20° to 30°C. The optimum temperature for Pythium was between 
26° and 28°C., and the growth rate of the organism increased constantly 
until this optimum was reached. In this range of temperature, however, 
the oat plant attained a rate of growth that permitted it to withstand at-
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Fig. 3. Growth rate of Pythium debaryanum on corn 
meal agar. 
tack. New roots were produced more rapidly than old ones were de-
stroyed, and even though Pythium was quite parasitic at 25°C., it had no 
serious effect on the growth and development of the plant. 
THE PATHOGENICITY OF P . DEBARYANUM 
ON ROOTS OF OAT SEEDLINGS 
Table 4 presents the results obtained by growing 32 varieties of oats 
in duplicate series in Pythium-infested soil. All seeds were 1 year old 
with the exception of the variety, Anthony, in which case 1-year-old and 
4-year-old seeds were planted. The seeds were planted in flats of steamed 
soil. In one series of flats the soil had been infested with P. debaryanum 
growing on potato-dextrose agar in petri dishes; in another series the 
soil was noninfested. Each flat was infested with four units of inoculum, 
which was mixed thoroughly with the soil. Eight varieties of oats were 
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TABLE 4 
THE AVERAGE EFFECT OF P. debaryanum ON STAND, RooT GROWTH AND Tor GROWTH ON 
32 VARIETIES OF OATS GROWN FROM 30 SEEDS PER VARIETY IN DUPLICATED 
SERIES OF FLATS AT 15° C. 
Root Growth I No. Secondary Top Growth 
Stand in cm. Roots in cm. 
Py th- Pyth- Pyth- Pyth~ 
Non- ium- Non- ium- Non- ium- Non- ium-
in- in- in- in- in- in- in- in-
fested fested fested fested fested fested fested fested 
Variety Soil Soil Soil Soil Soil Soil Soil Soil 
------
c. I. 3601 ....... 28 27 4 .1 2.5 1.9 1.1 15 .7 11.8 
Flughafer . .... . . 29 26 5 .9 2 . 4 2 .0 1. 7 14.5 11 . 2 
c. I. 3540 .. ..... 29 24 4 . 2 2 . 5 1. 4 0.4 14 . 1 10.8 
c. I. 3541 .. . .. . . 30 24 3 .9 2.8 1.8 0.7 14 . 2 11.8 
c. I. 3605 .. . ... 29 24 4 . 4 2 .8 1. 5 0.8 14 . 4 11.4 
Iogold . .. . .. .... 30 23 3 .7 1 .8 1.6 0 . 4 15 . 4 12.7 
c. I. 3514 ....... 29 21 4 .7 3.6 1. 5 0.5 12.6 12. 5 
c. I. 3603 ....... 27 18 3 .7 2 . 1 1. 7 0 .6 15.9 10. 3 
c. I. 3604 .... . . . 30 17 4.2 2.8 2.2 0.8 13.6 10.2 
Tama . .. .... . . . 27 17 3 .6 2 .6 1. 3 0 . 5 12 .1 10.5 
Bond ... . .... .. . 27 17 3.9 3 .0 2 .6 0 . 4 15.8 11 . 5 
Victoria .. ...... 28 17 4 . 9 2 .6 1.4 0 .6 18 .7 13 . 1 
c. I. 3503 .... ... 26 16 4 . 1 3 .2 1.8 1.2 12.3 12 .8 
Swedish Select . . . 29 14 4.2 1. 2 1. 5 0 .8 14. 1 8 .8 
Richland . . ...... 29 14 4 . 2 2 .0 1 .8 1. 1 14.4 11. 3 
Fulghum . . . . .. . . 28 13 4.3 2 . 3 1. 4 0 . 0 12 .8 9 .8 
Red Rustrroof ... 30 13 5 . 3 2.1 1. 9 0 . 3 14.3 10.0 
D-67 .. . ........ 28 13 4 . 1 1 .7 1. 3 0 . 7 13 . 9 9.7 
Columbia ....... 29 13 4 . 3 1.2 1.7 0.1 15.5 8.9 
Boone . ....... 24 12 4 .6 1. 5 1.6 0.4 14. 9 9 . 3 
c. I. 3543 ....... 27 12 3 .6 3.4 2.1 0.6 12.3 11.8 
Landhafer . . ..... 27 11 5 . 4 2.0 2.4 0 .0 18 .3 14.2 
c. I. 3500 . . . . . .. 24 9 3.7 2 . 4 1.4 0 .1 12.6 9 .8 
Mutica Ukraina . . 29 8 4 . 3 1. 7 2 . 0 0.0 18 .2 9.6 
Markton . . ...... 27 8 5 . 6 2 .5 2 .0 0 . 2 17.3 11. 4 
Hancock ... ..... 25 7 3 . 5 2.7 1. 3 0.0 11.5 8.7 
Gopher . . . . ..... 29 7 3 .5 3 . 5 1 . 2 0.3 13.3 11. 6 
Anthony (1938) .. 29 6 5 .0 2 . 1 2.3 0.1 16.8 10.2 
Marion .. .. ..... 25 6 4 .8 2.0 1 . 1 0 . 0 14.4 7.8 
Silvermine .. . . . . 29 2 4 . 4 1 . 4 1. 9 0.0 16.8 7 . 2 
Nakota .. . . ... . . 24 1 4 . 5 1 .6 1. 9 0 . 0 15.0 11.2 
Anthony (1934) . . 16 1 3 .9 1. 5 1.0 0 .0 11. 7 9 . 4 
-------
----1-----M ean ....... . . 27 . 3 13 .7 4 . 3 2 .3 1 . 7 0.5 14.6 10 .7 
sown per fl.at, with 30 seeds per variety and each variety duplicated in 
separate flats. The flats were placed in the greenhouse, and the tempera-
ture was held at 15°C. to approximately duplicate the average soil tem-
perature for the month of May, 1938, which was 13.5°C. The plants were 
grown from December 23, 1938, to February 4, 1939. 
Pythium tended to reduce germination, to decrease root growth and 
top growth, and to retard the development of secondary roots. The data 
are typical of those obtained later in testing many varieties of winter, 
' These varieties were kindly supplied by Dr. H. C. Murphy, pathologist, Iowa 
Agr. Exp. Sta. and USDA. 
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spring, and wild species of Avena4 in search of resistant varieties. No 
marked resistance to Pythium injury occurred in the 32 varieties tested. 
There seemed to be a marked difference in varietal susceptibility, but 
each of the 32 varieties listed was seriously injured by P . debaryanum in 
the greenhouse test. Figure 4 illustrates the reaction of Flughafer, C. I. 
3514 and Mutica Ukraina to P. debaryanum at 15°C. The four plants 
shown in Figure 5 were typical of severely diseased seedlings of highly 
susceptible varieties. 
To determine whether the rate of growth of the oat seedling had any 
effect on the ability of Pythium to parasitize the oat roots, the 32 varieties 
Fig. 4. Varietal r esponse to P. debaryanum of (from left to right) Flughafer (28) , 
C. I. 3514, (16) and Mutica Ukraina (23). Ten noninfected plants on left and 10 
infected plants on right of each dish. Notice the resistance of Flughafer as com-
pared with Mutica Ukraina . 
listed in Table 4 were grown at 21°C. The results (Table 5) indicated 
that the injury was not so marked at 21°C. as at 15°C. At the higher tem-
perature, differences in stand and top groWth of plants grown in infested 
and noninfested soil were small. At the same time, differences in root 
growth in infested and noninfested soil were as marked as they were at 
15°C. These results indicated that Pythium was a serious parasite at 
21°C., but at this higher temperature foliage symptoms were less pro-
nounced. The suppression of foliage symptoms at 21 °C. over those at 
15°C. appeared to have resulted from a more rapid production of new 
roots at the higher temperature and not from any reduction in the para-
sitic abilities of Pythium. At 21 °C. environmental conditions apparently 
were so favorable to the plant that it produced new roots faster than 
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Fig. 5. Four Swedish Select seedling severely diseased by P. debaryanum. Notice that 
all primary roots were malformed, enlarged and dead. Young secondary roots 
were also severely injured. 
Pythium destroyed them, and pronounced foliage symptoms were not 
expressed. At 15°C., however, environmental conditions were less favor-
able for the growth of the host; root destruction surpassed root formation; 
and pronounced symptoms of J;>ythium injury developed. 
Striking differences were found in the effect of Pythium on 1-year-old 
and on 4-year-old seed of the variety, Anthony. Ungerminated seed and 
seedlings of the 4-year-old seed · seemed to be more subject to Pythium 
injury than did 1-year-old seed. At 21 °C. 10 per cent of the 4-year-old 
seed planted in Pythium-infested soil germinated, as compared with 80 
per cent germination of the 1-year-old seed. The development of infected 
seedlings from 4-year-old seed was greatly reduced as compared with 
the development of infected seedlings from 1-year-old seed. It cannot 
be said that the 1-year-old Anthony seed was more resistant to Pythium 
infection than the 4-year-old seed. The differences observed can be at-
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tributed to the fact that the 1-year-old seed probably germinated more 
rapidly, had greater viability and was able to escape invasion and parasitic 
development of Pythium in seedling roots to a greater extent than the 
TABLE 5 
THE AVERAGE EFFECT OF P. debaryanum ON STAND, RooT GROWTH AND ToP GROWTH ON 
32 VARIETIES OF OATS GROWN FROM 30 SEEDS PER VARIETY IN DUPLICATED SERIES OF 
FLATS AT 21 ° C. 
Stand Root Growth in cm. Top Growth in cm. 
Non- Pythium- Non- Pythium- Non- Pythium-
infested infested infested infested infested infested 
Variety Soil Soil Soil Soil Soil Soil 
Columbia .... .. .. 29 29 4 .5 2 . 4 16 . 3 13 . 7 
c. I. 3541 ... . . ... 30 28 4 .4 3.4 12 . 4 11 . 5 
c. I. 3540 .. . . . . .. 30 28 4 .5 2.7 13 .6 12 . 1 
Flughafer .. . ..... 30 28 5.3 4 . 0 14.2 13 . 9 
c. I. 3603 . ... .... 28 28 3.4 2 . 1 13 . 5 13 .0 
c. I. 3543 . ..... . . 29 28 4 .3 2 . 3 14 . 5 12.7 
Tama .... .. . .. .. 30 28 3.7 1.8 12 .9 8 .6 
' c. I. 3601 . . .... . . 29 27 4 .8 2.6 12 .6 14 . 4 
c. I. 3514 ........ 29 27 4 .7 2 .3 15 . 1 13 .0 
c. I. 3503 ........ 28 27 4.4 2 . 2 13.5 12 . 4 
Iogold ........... 29 26 3 .3 0 .9 13 . 5 10 . 3 
D-67 ..... . ... . .. 30 26 4 .3 0 . 9 12 . 2 8.3 
Richland .. . ...... 30 26 4 .6 2 . 0 13.4 11. 9 
Mutica Ukraina .. 28 26 5.2 1.6 15 .2 12.2 
c. I. 3604 . .. .. .. . 30 25 4 .0 2.6 12 . 2 12 . 1 
Gopher . ......... 30 25 5 .0 2 . 0 12 . 3 11.3 
Fulghum .... . .. .. 30 25 3. 1 2 .6 15 . 5 10.7 
Landhafer . . .... . 29 25 5 .8 2 . 8 18 . 2 15 . 7 
Bond ............ 28 24 4 .4 2 . 2 15. 5 11.2 
Anthony (1938) ... 28 24 4 . 9 3 . 2 13.9 11 . 3 
Boone . ...... . ... 25 24 3 .3 2 .0 14 . 1 12 . 2 
c. I. 3605 . ....... 30 23 3 .7 2 . 0 13 .7 11.8 
Markton ... .. .. . . 28 23 4 .9 2 .8 16 . 1 11. 2 
R ed Rustproof. . . . 29 23 4 .9 3 .0 15 . 6 13 .8 
c. I. 3500 .. . ... .. 25 22 4 .9 2.2 13 . 2 10 .8 
Victoria ... . ..... 30 21 3 .8 2 .8 16 . 1 11. 2 
Marion . ......... 27 20 3.5 1.8 13. 4 10 . 4 
Swedish Select .... 29 20 3 .5 1. 7 12 .7 10 .8 
Hancock ......... 25 18 3.9 0 .8 13 .1 9. 1 
Silvermine ..... .. 29 15 4 .1 1.2 13".0 10. 2 
Nakota ... . .. . ... 23 9 4 .3 2.5 14 .0 8 .0 
Anthony (1934) ... 18 3 5 .0 1. 3 6 . 1 4. 8 
M ean .... . ...... 28 .2 23. 4 4 .3 2 . 2 13 .9 11 . 4 
4-year-old seed. A similar influence of age of seed on severity of root 
necrosis was observed in the varieties, Bond and Victoria. 
REACTION OF 115 VARIETIES OF OATS TOP. DEBARYANUM 
When P. debaryanum was found to cause a serious root necrosis of 
oats, a large number of varietiesu of winter, spring, and wild oats were 
tested in an attempt to find resistant varieties that could be used for 
' The varieties were obtained through the courtesy of Dr. T. R. Stanton, senior 
agronomist, Bureau of Plant Industry, Soils, and Agricultural Engineering, and Dr. 
H . C. Murphy, pathologist, Iowa Agricultural Experiment Station and USDA. 
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breeding purposes. The varieties used in experiments previous to this time 
had failed to exhibit marked resistance to Pythium. 
The 115 varieties represented lines developed from six species of wild 
oats. Twenty-four of the varieties belonged to the Avena byzantina C. 
Koch group, 70 to the A. sativa L. group, 16 to the A. orientalis Schreb. 
group, 4 to the A. nuda L. group, and 1 to the A. nudibrevis Vav. group. 
One hundred and fifteen varieti.es of oats were grown for 14 days in 
the greenhouse at 15°- 20°C. Thirty seeds of each variety were planted 
in duplicate pots of steamed, non-infested soil and steamed soil infested 
with one unit of inoculum grown on agar-agar. At the end of the 14-day 
growing period the plants were removed from the pots and the soil was 
washed carefully from the roots. Mean stand, root and top growths were 
recorded in Table 6. The experiment was started March 3, 1940. 
An analysis of variance, based on mean root growth indicated highly 
significant differences in the relative susceptibility of individual varieties. 
No striking resistance was observed. Variety Coast Black had a mean 
root growth of 11.2 cm. in infested soil, which was the longest. This was 
the most resistant variety grown. In the infested series, however, stand 
was reduced by eight plants, and root and top growths were reduced 
2.8 and 1.4 cm., respectively, in comparison with the check. Coast Black 
showed definite root lesions. Figure 6 shows the Pythium injury to a 
typically susceptible variety. 
The variety, Coast Black, most resistant of the 115 varieties to 
Pythium, was selected for comparison with other varieties. The least dif-
ference for significance in mean root growth was 2.5 cm. Since Coast 
Fig. 6. Pythium injury to Hay oats. Infected plants on right. 
PYTHIUM ROOT NECROSIS OF OATS 377 
TABLE 6 
MEAN STAND, RooT GROWTH AND ToP GROWTH IN CENTIMETERS oF 115 VARIETIES OF OATS 
GROWN FROM 30 SEEDS PER VARIETY IN DUPLICATED 4-INCH POTS IN 
THE GREENHOUSE AT 15°- 20° c. 
Noninfested Infested 
Mean Mean 
c. I. I Root I Top I Root J Top 
No. Variety Stand Growth Growth Stand Growth Growth 
Avena byi!.antina 
1025 Coast Black .............. 29 14 . 0 9.3 21 11.2 7.9 
3215 Black Algerian ........... 25 15 . 1 9 . 4 17 10 . 6 7.4 
2911 Cassel. . . ................ 29 13 . 2 7.7 25 7 . 8 6.1 
2912 Fulmer ............... ... 29 11 . 5 7.0 27 8.6 6 . 5 
2823 Early Red Rustproof. ..... 30 14 .7 8 . 6 25 10 .2 7.2 
994 Calcutta .... . . ..... ..... . 25 12 . 2 8.5 21 7.2 7.4 
1039 Red Rustproof ..... ... . .. 28 12 . 5 7.9 22 8. 7 8.2 
840 Red Algerian . .. ... . ..... 30 13 .7 8 . 9 26 9 . 6 7.8 
3253 Fulgrain .... .. ... ....... 29 12 . 9 8.3 24 7.1 6 . 5 
2723 Bond ...... . . ........ . .. 30 13 . 1 8 . 2 28 7.7 7 . 9 
2760 Belar ...... ... ...... .... 29 13 . 1 9 . 4 25 8 . 9 8 . 3 
966 Navarro ... .. ............ 30 12.8 7. 7 19 6.9 6.5 
2137 Segetal ... . ..... .. . .... .. 26 8 . 0 8 . 3 14 5 . 5 4.8 
1776 Trisperma .. ............. 30 11. 8 7. 1 14 3 . 7 4.6 
321 7 Culred . ..... . . . ..... .... 29 15.3 7 . 9 ZS 8 .8 5.7 
2676 Awn less Culred ...... ..... 27 11. 6 7.9 11 1. 7 4.9 
2886 Burt (Nebr. 518) . ........ 30 10 .7 7.9 18 5 . 2 5.1 
20.14 Brunker ................. 29 12 .8 8 . 9 21 8 . 1 6.6 
708 Fulghum .......... 28 12 . 2 7.3 24 7 .8 6.8 
2692 Franklin .... ... ...... . ... 30 14 . 3 8 . 5 22 6.1 6.3 
2401 Victoria ... . ........... . . 30 14 . 2 8.4 22 9 .0 6 .8 
2820 Columbia .......... .... . . 28 15 . 2 8.8 23 6.1 7.0 
2025 Ruakura ... . ....... .. . . ' 28 14 .4 8 .7 24 9.5 7 . 5 
1799 Sunrise ... ............... 29 13 . 6 9 . 3 26 10.2 7.4 
A. salwa 
---
480 Roswell .............. ... 30 8 .9 6 . 5 25 7 .4 5 . 0 
606 Almeria . . . .... ...... .. .. 30 12 . 2 7.6 26 8 . 7 6 . 7 
838 Hatchett .. .. ............ 30 12 .7 7.1 16 5 .7 4 .7 
947 Tech ....... . ...... . ..... 29 9. 7 6.2 25 7 .1 4.8 
1570 Winter Tuff ........ . ..... 28 11.4 8.1 25 5 .8 6.0 
2042 Lee . .................... 30 13 .3 7.2 27 7 . 9 5.8 
3218 Bicknell .. .. ....... ...... 30 14.0 7.4 20 6 . 1 5 . 7 
273 Culberson ...... ......... 30 12 . 8 6 . 5 25 9 .0 5 .8 
2505 Hairy Culberson .......... 26 14 . 1 6 . 1 18 8 . 3 5 . 9 
748 Dwarf. . . ................ 30 13 . 4 6.6 14 6 . 6 5 .5 
1074 Great Mogul . .. ... . ...... 29 13 . 9 7. 1 25 6 
1767 Black Bell I ..... . .. .. .... 29 11 ' 2 7.4 28 4 
. 9 6.2 
. 9 6 . 2 
803 Victor .. .. .. . .. . ..... , . . . 29 11. 3 8.6 23 4 . 5 6.5 
1877 Black Mesdag ...... . ..... 29 13. 1 8.4 24 7 .2 7. 1 
1876 Monarch .... ... ... . ..... 29 14 .0 7.7 23 5 . 7 6 . 1 
1880 {oanette ................. 28 15 .7 8.9 25 6 
1092 arly Joanette ......... . .. 30 11 . 9 8 . 0 25 5 
1878 Black Diamond ... ........ 29 12.5 8.5 22 4 
.4 6 . 9 
.9 7.0 
. 4 5.2 
1879 Awnless Monarch ........ 30 12 .8 8 .0 18 5 .7 6.4 
1756 Old Island Black ......... 28 12 . 9 9.0 20 6 .0 6.4 
1882 North Finnish ............ 30 12 . 0 7 . 9 21 5 . 4 6.3 
1622 Hay ................... 29 10.3 7.3 9 3 
2765 Capa ......... . ......... 28 12 . 4 8.2 19 5 
. 7 5. 7 
.0 6.0 
1842 Cornellian . .............. 29 13.0 8 . 1 22 6 . 1 6 . 2 
378 
C. I. 
No. 
1692 
602 
787 
2329 
459 
1154 
2053 
603 
831 
1890 
1889 
1285 
1978 
1888 
1656 
1777 
834 
847 
729 
2027 
1623 
1621 
498 
1906 
1685 
1625 
1927 
1624 
1709 
1894 
846 
2476 
1699 
2994 
1898 
1684 
1630 
1375 
1262 
1013 
2143 
1145 
2567 
2783 
1613 
1884 
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TABLE 6- (continued ) 
Noninfested Infested 
Mean Mean 
Variety I Root J Top I Root I Top Stand Growth Growth Stand Growth Growth 
White Maine ... . ....... 28 12 .6 8 . 1 18 4 .4 5.7 
Terry ......... . . . . . . . . . . 28 10.3 7.4 20 4.2 7 .7 
Richland ..... .... . ... ... 30 11. 7 8.7 14 5 .3 6 .6 
Iogold . ................. 30 12 .5 8 .8 13 3 .6 6 .5 
Kherson ...... . . . ....... . 30 12 . 4 8.3 17 3.3 7 . 1 
State Pride .... .. , . .. .. . . 30 13 .2 9.7 17 3.9 5 .6 
Markton .. .. .. . ... ' ... 30 10 .8 8 . 4 17 5 .3 5.2 
Madrid ... . . . . . . . . . . . . . . 27 13 . 4 9.5 18 4 .. 7 6 .7 
Aurora .. ......... . .. , ... 28 12.7 8.5 9 5.2 5 .8 
Golden Rain . . . ....... . . 26 13.7 8.1 13 5 .1 6.3 
Japan .. .... ' . ... ' .. .. 28 12 .5 7.0 15 5.3 7.0 
Minora .. ......... . ..... . 29 14 .1 9.1 18 4 .2 6.7 
Green Russian ....... . . ... 30 12.9 9.5 9 4.6 7 .1 
Awnless Probsteier ........ 27 12 .2 9 .1 11 1.4 6 .4 
Probsteier ........... , . . . 29 14. 3 10.3 11 5 _9 6.5 
Tabor .......... ......... 29 11.6 9.3 7 2.5 6.3 
Cole .. ........ .. ... .. .. . 28 14.7 10 .1 10 6 . 1 7.3 
Iowar ............ . . .... . 30 15 .4 10 .0 18 9 . 4 7.6 
Albion .... ..... . . . . . . . . . 30 11. 6 9 . 1 17 6.7 7.0 
Gopher ..... .' ... . . ....... 30 12 .9 9.3 11 6 .5 7.2 
Early Champion ........ 29 13.3 10 .2 18 5.4 5.8 
Daubeney .... . . . . . . . . ... 30 13.5 9.8 19 8.5 7 .9 
Yakustsk ....... .... . . 30 11. 6 9 .4 16 4 .9 6.t 
Hudson ...... . . . ... . .. . . 29 12 .8 9 .6 10 5 .5 5.8 
White Bonanaza .. . ..... . . 29 13 .5 10.0 19 8 .5 8.5 
Canadian .. . . . . . ... ..... ' 28 12 .9 9.7 20 10 .2 9.3 
Castleton ........ ........ 27 10 . 1 7.6 23 7.7 7.9 
Early Mountain . ... .... 30 10 .4 8.8 19 5 .9 7.9 
Tabalsk ...... . . . . .. . .... 29 11. 9 8 .8 17 4 .8 5.7 
Clinton . . ..... . . . . . ...... 26 11. 4 8 .5 15 2 .3 5. 1 
C. A. C. 72 ... ... . ..... . . 30 13.6 8 .6 17 5.8 6 .5 
C. A. C . 144 . . ........ . .. 29 13 .7 9 . 4 17 5.9 6 .2 
Scottish Chief . . . . . . . . . . . 29 12 .1 7.8 13 5 .2 6 .3 
Irish Victor ... . . . . . ..... 29 13 .9 8 .7 14 3 .0 5 .4 
Gothland ...... ........ . . 30 13 . 4 8 .6 18 5 .6 7.2 
Danish Island . . ..... ... . . 30 11 . 6 8 .9 21 7.6 8.4 
Belyak .. .. .. ... .. . ' .. 29 7.1 8.5 15 5 .7 6.5 
Swedish Select. .. . . . ..... 25 12 . 1 8 .4 15 5 . 4 6.3 
Lincoln ..... . . ..... . .... 28 12. 1 8 .8 20 7.4 7 .9 
Silverrn.ine . ... .......... 29 12 .6 8.8 12 6 . 1 5 .6 
Anthony .......... . .. .. . . 25 12 .2 8 . 1 18 9 . 4 8 .0 
Victory . . . ...... . . . . . . . . 29 12. 1 9 .0 9 6.1 6.2 
Wayne ......... ... ' 30 12 .3 8 .0 20 5 .9 6 .3 
Sandy . ..... . ..... .. . .... 29 9 .9 8 .5 14 5.4 6 .6 
Garton 473 . . ... . . .. ' .... 30 12 .8 8 .2 20 8 .0 7. 2 
Garton No. 5 . . . .. . .... 27 10 .8 9 .6 15 3.0 6.9 
Black had a mean root growth of 11.2 cm., all the varieties that had a mean 
root growth of 8. 7 cm. or over were as resistant as Coast Black variety. 
The interval 11.2 to 8. 7 included the following varieties: Black Algerian, 
Early Red Rustproof, Red Rustproof, Red Algerian, Belar, Culred, Vic-
toria, Ruakura, Sunrise, Almeria, Culberson, Iowar, Canadian, and An-
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TABLE 6-(continued) 
I 
~o~· I 
Noninfested Infested 
Mean Mean 
I Root I Top I Root I Top Stand Growth Growth Stand Growth Growth Variety 
A. saliva (A. orientalis Schreb.) 
1598 Oriental ......... . . ' ' .. .. 30 10. 5 8.5 25 6 . 4 7.2 
1862 Garton No. 748 . . . . ... . . . 30 10 .3 8 . 9 23 5 . 5 7 . 2 
1863 Garton No. 784 .... . . . . . . 29 11.2 7.8 21 7.3 7 . 2 
807 Black Rival ...... ..... . .. 30 11 . 3 9.1 17 5 .1 6 .8 
991 Black Tartar ..... . . ...... 30 11.2 8 . 3 26 4 . 5 7.8 
1864 Garton Grey ... . .. .. .... 30 13 .5 8 .7 19 8.4 7 .9 
1609 Seizure . . ...... ....... ... 28 11.0 7.9 18 4.5 6 . 4 
1606 Golden Giant ...... . . . . . . 28 6 .7 7.3 18 4 . 1 6.1 
1612 Garton Yellow .. .. .. .... 27 11.6 8 . 5 17 6.2 6 .6 
1604 Sparrowbill ......... . .. .. 28 10 . 1 7.5 22 6.0 6.1 
1602 Storm King .. . . . ... . . . .. . 26 11 .0 8.8 12 2.0 6.0 
1599 Tartar King ..... .... . .. . 30 9.4 7.8 14 3.8 6.8 
1999 Marvellous . .. ... . . .. . .. . 28 10 . 3 9.0 21 6.5 7 .5 
2895 Shoemaker No. 7 .... . . . .. 30 9 . 2 8 .7 21 5.3 7 . 2 
1892 Green Mountain ... . .. .... 28 11.6 9.8 18 4.9 7 . 4 
1614 White Tartar ...... . . . . . . 28 11. 1 8 .7 20 7.3 7.6 
A. nuda 
1966 Fowlide ..... . . ......... . 24 11.6 8.4 3 3.2 2 .8 
845 Liberty .... .. . ........ . .. 11 8 . 4 6 .7 0 0.0 0 .0 
1003 Chinese .. .. .. ..... . ..... 18 9 .8 7.8 1 3.5 1.5 
1770 ~ongolian . .... . .. 24 9 .8 8.9 4 1.8 1. 7 
A. nudibrevis 
2465 I Vavilov .. . . . . .. . . . . ... · I 20 I 7.6 6.1 I 2 I 1.5 l 4 . 8 
Least . difference for significance = 2.5 cm. for mean root growth in the infested series. 
thony. Pf these 14 varieties, 9 belonged to Avena byzantina and 5 be-
longed to A. sativa. 
REACTION OF SIX SPECIES OF WILD OATS TO P. DEBARY ANUM 
Six species of wild oats were grown and tested as described in the 
above experiment. Two selections of Avena abyssinica and three selec-
tions of A . ludoviciana were included. The haploid number of chromo-
somes in Avena nudibrevis and A. wiestii, 7; in A. barbata and A . abys-
sinica, 14; and in A. ludoviciana and A. sterilis, 21. The reactions are 
presented in Table 7. 
An analysis of variance showed highly significant differences in 
species reaction to Pythium. Each species was attacked by the organism, 
but A. abyssinica, A. ludoviciana, and A . sterilis were somewhat resistant. 
In general, both wild species and cultivated varieties that belonged to the 
21-chromosome group tended to be more resistant than members of the 
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14- or 7-chromosome groups. This tendency was very pronounced in the 
115 varieties listed in Table 6, which shows that the five most resistant 
varieties belonged to 21-chromosome species; four of them were in the 
A. byzantina group. 
DECREASED YIELD IN VARIETY SWEDISH SELECT 
CAUSED BY P. DEBARYANUM 
To obtain some idea of the ability of Pythium debaryanum to de-
crease yield, the variety Swedish Select was grown in 1-gallon stone jars, 
and the soil moisture was held at 53 per cent of the water-holding capacity 
or below. Each jar contained an equal amount of steamed greenhouse 
soil, which had a water-holding capacity of 42 per cent and a field capacity 
of 22 per cent (dry weight basis). In four jars the soil was infested with 
one unit of inoculum per jar and was mulched with 1h inch of ground cork 
to reduce evaporation. Two pots of uninfested soil were held as checks. 
Fifteen seeds were sown per jar, but each jar was thinned to the first five 
plants to emerge. In three of the infested jars only three seedlings were 
produced. The jars were weighed daily, and sufficient water was added to 
bring the moisture content back to 22 per cent or to 53 per cent of the 
water-holding capacity. The plants were grown in soil in which moisture 
never exceeded the field percentage. 
The experiment was started on January 10, 1938, and the temperature 
of the greenhouse was held at 15°C. until the first week in March. By this 
time it was impossible to maintain a 15°C. temperature throughoui the day 
because of higher air temperatures. Fortunately, these temperature condi-
tions approached those found in the field, i.e., the seed was planted in cold 
soil, but the temperature increased as the growing season advanced. 
TABLE 7 
RELATIVE RESISTANCE OF Six SPECIES OF WrLD OATS REPRESENTING THE GROUPS 
HAVING 7, 14, AND 21 PAIRS OF CHROMOSOMES 
Noninfested Infested 
Mean Mean 
c. I. Root Top Root 
No. Variety Stand Growth. Growth Stand Growth 
2456 A. nudibrevis . .. . . . . .... . .. 28 8.9 5 .6 19 5.5 
2467 A. barbata ... .. . . . . ....... 30 8.7 6 .4 21 4.9 
2108 A. abyssinica . ...... . ...... 30 9.9 7.7 26 7.5 
25 19 A. a bps i~ica ...... . ... . . . . 30 9 . 1 7. 1 30 8 .5 
1994 A. wustn ..... . ...... ..... 17 9.7 3.7 7 4.4 
2321 A. ludoviciana ............. 27 12 .0 6.7 21 9.3 
2050 A . ludoviciana Dorain ...... 14 9.2 4.5 14 8 .6 
1781 A . ludoviciana of Ethiopia ... 30 12 .0 6.0 22 10 .2 
2723 A. sterilis (Alger) . .. . ...... 29 14 . 5 9.8 23 12 .4 
Least difference for significance = 3.0 cm. (root). 
Top 
Growth 
3.8 
4 .5 
6.3 
6 .3 
2 .5 
6 .3 
5 .3 
5 .4 
6 .9 
I 
Treatment Stand 
P. debaryanum . . ... 3 
" ~" 5 . .... 
" " 3 ..... 
" " 3 . . .. . 
Check .. ....... .. 5 
Check .. . ...... . 5 
-
-
TABLE 8 
EFFECT OF P. debaryanum ON THE YIELD AND DRY WEIGHTS OF VARIETY SWEDISH SELECT 
Mean Dry Weights in Grams 
Mean Height, Inches Mean No. Tillers 
Roots Tops Seeds 
April May 
I 
May June April May May June per per per per 
24 7 23 .25 24 7 23 25 Plant Plant Plant Plant 
I 
14 .5 19.8 26 .5 27 .5 2 .0 3 .0 4 .5 4 .5 2.10 0.30 1.8 28.3 
16. 1 24.1 36.0 37 .8 2 .0 3 .0 3 .6 3.6 5 . 10 0 .46 4.64 44 .2 
16.7 23.0 28.3 30.8 1.0 2.7 3 .7 3.7 5 .19 0.49 4.70 44.0 
13. 1 19. 7 26.5 28.3 2.0 3 . 3 5.0 5 .0 4.85 0.40 4.45 34.7 
19.5 28.5 35 .2 38 .1 3 .0 4.8 4 .8 4.8 9.50 1 . 13 8 .37 83.4 
19.5 28 . 7 38 . 4 38 .6 3.8 4.4 4 .4 4.4 8 .70 0.83 7.88 82.8 
--- --
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A comparison of height and degree of tillering in infested and in non-
infested soil showed that the check plants tended to have better rates of 
growth (Table 8) . In general, the infected plants were 2 weeks behind 
the noninfected in relation to top growth and the production of tillers. 
Figure 7 shows the difference that existed between infected and non-
infected plants at maturity. 
Fig. 7. The effect of P. debaryanum on the growth, development and yield of variety 
Swedish Select. The left pot contains plants growing in noninfected soil. 
When mature, the plants were washed from the jars and dried at 
100°C. The dry weights obtained showed that the average development 
of the noninfected plants was approximately twice that of infected plants 
regardless of whether total dry weights, total root weights, or total top 
weights per plant were compared. Differences in yield were correspond-
ingly as great, since the check plants yielded 82.8 to 83.4 seeds per plant. 
Such differences indicate that under certain environmental conditions 
TABLE 9 
O cc RRENCE OF PYTHfUM JN GREEN AND YELLOWED PLANTS JN 1938 AND 1939 
. I 
No. Fusarium 
Helrninthosporium 
Rhizoctonia 
Date Foliage Color o. Isolations No. Isolates No. Pythium Unidentified Pythium 
5/ 27/ 38 . . ... . Green ....... .. 50 34 20 14 58.8 
Yellow ....... . 50 50 21 29 40 . 2 
5/ 28/ 39 ...... Green ......... 40 32 10 22 31.2 
Yellow . ...... . 40 28 4 24 14 . 2 
1938 chi-square = 2.3; 1939 chi-square = 2.4. 
Percentage 
Fusarium 
Helminthosporium 
Rhizoctonia 
Unidentified 
41.2 
59 .8 
68 . 9 
85 . 9 
w 
00 
w 
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Pythium may be a very important factor in determining the development 
and yield of the oat plant. · 
OCCURRENCE OF PYTHIUM IN THE ROOTS OF OAT PLANTS 
IN GREEN AND YELLOWED AREAS IN THE FIELD 
The green and yellow spotted condition of oat fields in Iowa, referred 
to earlier in this paper, becomes evident during the latter part of May. In 
1938, 1939, and 1940 yellow areas began to appear in oat fields throughout 
the state about May 15, May 19, and May 26, respectively. During each 
season the spotted condition became progressively more pronounced until 
the plants began to head. At heading time the yellowed plants regained 
their green color and could be located only by their reduced size. 
In 1938 and 1939 isolations were made from roots of green and yel-
lowed plants found in the same field in an effort to determine whether 
the fungus flora of yellowed plants differed from that of normal-appearing, 
green plants. Table 9 presents data typical of those obtained from several 
fields. 
The green plants yielded the higher percentage of Pythium isolates. 
The chi-square values indicated that there was no significant difference 
between the Pythium populations ·of the yellowed and green plants, but 
in 1938 and 1939 such data were collected repeatedly from fields of oats 
when yellowing was most pronounced. 
In 1940 an attempt was made to determine the difference in size and 
in tillering in green and yellowed plants. An oat field which exhibited 
the most pronounced green and yellow areas observed since this study 
was undertaken was selected near Conesville, Iowa. On May 30 and 
June 18 plants were collected at random from green and yellow areas 
throughout the field. The data obtained are presented in Table 10. 
On May 30 the green plants were approximately three times a~ tall 
as the yellowed and had produced an average of 7 tillers per plant as 
compared with none for the :yellowed plants. By June 18 the yellowed 
plants were regaining their normal green color, and the green plants were 
only twice as large. At this time the average number of living tillers on 
the green plants had been reduced from 7 to 4. This indicated that the 
green plants, as well as the yellowed, possessed diseased root systems 
which made it impossible for the plants to mature normally. 
One isolation was made from the most severely lesioned root found 
on each of the green and yellowed plants. 
The data in Table 1 show that Pythium is the initial parasite on oat 
plants in the field. On May 30, 1940, the yellowed plants were beginning 
to regain their normal green color incident to elongation associated with 
heading. When isolations were made at the time yellowing first appeared, 
the green and the yellowed plants yielded approximately the same number 
of Pythium isolates and other organisms (Table 11). On the other hand, 
when isolations were made from plants in the same area at the time the 
yellow, stunted plants were beginning to elongate and assume a richer 
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TABLE 10 
COMPARISON OF SIZE AND TILLERING OF GREEN AND YELLOWED PLANTS COLLECTED 
FROM THE SAME FIELD IN 1940 
Plants Collected May 30 Plants Collected June 18 
385 
Green Yellowed Green Yellowed 
Height 
I 
Height Height Height 
in No. in No. in No. in No. 
inches tillers inches tillers inches tillers inches tillers 
29 9 12 0 36 4 22 0 
30 9 12 0 33 6 25 0 
23 4 10 0 37 5 24 0 
25 6 10 0 35 4 24 2 
28 7 9 0 33 3 17 1 
31 8 8 0 38 5 18 ·O 
24 5 9 0 40 5 18 0 
28 6 12 0 34 3 19 0 
30 7 8 0 38 4 18 0 ' 
32 7 11 0 35 3 20 0 
29 6 13 0 36 4 20 0 
28 8 9 0 31 3 19 0 
Average: 
28 7 10 0 36 4 20 0 
green color, the highest percentage of Pythium isolates was found in the 
green plants. In fact, attempts to isolate Pythium from stunted plants dur-
ing the last week of June have been futile. From June 20 until the end 
of the growing season Pythium has been isolated only from plants that 
did not show yellowing, and even then it was difficult to isolate. 
NUTRIENT DEFICIENCIES IN RELATION TO THE 
ROOT NECROSIS OF OATS 
It has been shown that none of the varieties which were tested was 
free from Pythium injury. Experiments dealing with the temperature 
relationships between Pythium and the oat plant, the relationships be-
tween the age of seed and the severity of the root necrosis, etc., indicated 
that any factor which retarded the growth of the plant permitted the 
organism to become more of a limiting factor in that growth. By associ-
ating these facts with the yellow, stunted conditions that appeared in the 
field each year, an attempt was made to determine whether mineral 
deficiencies had any influence on the expression of foliage symptoms or 
on the severity of the root necrosis. Related experiments were performed 
under the controlled greenhouse conditions and in the field. 
The effect of nutrient deficiencies on infected and noninfected plants 
grown in quartz sand: The varieties, Victoria and Bond, susceptible to 
Pythium root necrosis, were grown in pure quartz sand in the greenhouse. 
The sand was washed with a 10 per cent solution of HCl, thoroughly 
washed in tap and distilled water, steamed for 4 hours at 15 pounds 
pressure, and placed in steamed 5-inch pots in the greenhouse. 
TABLE 11 
THE O CCURREN CE OF PYTHIU M IN PLANTS STARTING T O T u RN YELLO W A N D lN P L ANTS RECOV ERING FRO M THE Y ELLOW ED C ONDITION 
Percentage 
No. Fusarium Fusarium 
Rhizoctonia Rhizoctonia 
Date Foliage Color No. Isolations No. Isolates No. Pythium U nidentified Pythium Unidentified 
5/ 30/ 40 ... . .. Turning yellow. 24 24 24 . . . ' ... . . . . . . . . . . . 100 ' . . . . . - ..... .. . . 
Green .. ....... 24 21 21 .... . ... .. ..... 
. '' 
100 . . .... .. . 
' ' ' '' 
'.' 
6/ 18/ 40 .. ' ''' Yellow (regain-
ing green 
color) .. .. ... 24 24 2 22 8 .3 91. 7 
Green . . . . .... 24 23 6 17 26 . 1 73 . 9 
June 18, 1940, chi-square = 2.6. 
w 
00 
~ 
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Six pots of each variety, containing 30 seeds per pot, were subjected 
to eight nutrient solutions. When the seeds were planted, 3 of the 6 pots 
receiving any one solution were artificially infested with one unit of in-
oculum. The remaining 3 pots were noninfested and were held as checks. 
Equal amounts of the respective nutrient solutions were applied each day 
to the designated pots. Every 7 days 125 cc. of distilled water were added 
to all pots to prevent the accumulation of salts. The distilled water leached 
through the quartz sand rapidly, and the nutrient solution applications 
were continued 8 to 10 hours later. Victoria was planted February 2, 
1942, and Bond, February 10, 1942. The varieties were grown 38 and 28 
days, respectively, at 18° to 22°C. When deficiency symptoms appeared 
in the check pots, the plants were examined, and dry weights were re-
corded in Table 12. Eight nutrient solutions and a check (distilled water) 
were used. These solutions are enumerated in the table. 
Pythium root necrosis was very severe in the infested pots regardless 
of the nutrient deficiencies. In the series using Victoria in Pythium-
infested soil, deficiencies of magnesium, nitrogen, potassium, and phos-
phorus-potassium gave significantly poorer root growth than the complete 
nutrient solution. No significant differences in the effects of the nutrient 
solutions were obtained on the root weights of Victoria in the noninfested 
soil or on Bond in either the infested or noninfested soil. In these three 
instances, variation within replications was greater than the variation 
caused by the nutrient solutions. 
In the Victoria check series, plants developed an excellent root growth 
in each of the nutrient solutions as shown in Figures 8, 9, and 10. Top 
growth, however, in the N, PN, and KN-deficient pots was greatly reduced. 
In each of these cases, top growth was yellow, stunted, and the leaves were 
dying from the tip ends. The N deficiency, however, had not affected root 
growth at the time the plants were dug (Fig. 10). 
The Victoria plants in the infested K-deficient series showed a typical 
vein clearing. Plants in the noninfested K-deficient series appeared 
normal and healthy. In pots in the noninfested series receiving distilled 
water, the plants were stunted, yellow, and had many dead or dying 
leaves. The roots of these same plants made a remarkable growth, as 
shown in Figure 9, which indicated that the oat plant could survive for 38 
days or longer under greenhouse conditions with seed reserves as the 
sole source of nutrient. 
Bond plants in the Pythium-infested pots receiving the magnesium, 
potassium, potassium-nitrogen, potassium-phosphorus-deficient, and com-
plete nutrient solutions were very chlorotic and slightly stunted. The non-
infested pots receiving the same solutions were normal green in color and 
very vigorous. Plants grown in the infested and noninfested sand receiv-
ing the nitrogen and phosphorus-nitrogen-deficient solutions and distilled 
water were chlorotic and stunted. The infested plants, however, were 
more seriously affected than the noninfested. Plants in both infested and 
noninfested pots in the phosphorus-deficient series appeared to be normal 
and healthy. 
TABLE 12 
M EAN DRY R ooT AND T O P W E IGHTS l N GRAMS PER PoT OF VARIETIES BOND AND VICTORIA GROWN IN TRIP!.IC ATE l N P v THIU M-I NF EST ED 
AND NoNINFESTED QUARTZ SAND RECEIVING EIGHT DIF F E R E NT NuTRlENT SoLUTIONs 
Victoria Bond 
Top W eights Root Weights Top Weights Root Weights 
I 
Composition of Solution 
I 
Ck. Inf. Ck. Inf. Ck. Inf. Ck. 
-
Distilled water . ... 0 .762 0 . 325 0 . 910 0 .299 0 . 933 0 . 647 1 . 622 
Complete * . . . . . . . . ..... 
I 
1 . 448 0 . 470 1.106 0 . 242 1 . 330 1 . 383 1 . 078 
" -Mg . 1 . 428 0 . 400 1 . 053 0.140 1 . 412 1 . 043 1 . 275 . . . .... . 
" -N . . . .. 0 . 628 0.239 1 . 306 0 . 101 0.91 7 0 . 908 1 . 352 ... . . 
" -K . I 1 . 341 0 . 331 1 . 017 0 . 148 1 . 215 1 . 007 1 .100 . . . ...... 
" -P .. 1 . 092 0 . 334 1 . 256 0 . 321 1 . 360 0 .810 1 . 185 . . . . . . . . 
" -PN . 0 .806 0 . 322 0.913 0 . 298 1.037 0 . 770 1 . 385 
" -KN . 0.624 0 . 426 1 . 153 0 . 213 1.285 0 .885 1 . 400 .... . . . . . 
" -PK. 1 . 463 0 . 286 1 .325 0 . 082 1 . 340 0 .837 1 .455 
*The modified Knop's solution with the designated substitutions for missing elements was used as outline by Loomis and Shull (6). 
Least difference for significance in Pythium-infested Victoria root weights = 0. 139. 
Inf. 
0 . 516 
0 . 694 
0 .763 
1 .022 
0 . 653 
0 . 953 
1 . 012 
0 . 721 
0 .657 
w 
00 
00 
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. 
The results obtained with Bond and Victoria in the above experiments 
were similar to those obtained in a preliminary experiment of the same 
nature. The outstanding observations made in the course of these experi-
ments was that deficiency symptoms were expressed by infected plants 
several days before they appeared in noninfected plants. In general, the 
presence of the organism retarded the growth of the plants and eventually 
caused chlorosis and stunting. A nutrient deficiency produced similar 
Fig. 8. Oat plants, variety Victoria, grown from planting 30 seeds in Pythium-infested 
and noninfested quartz sand with Knop's solution. 
A. Without K , not infested 
B. Without K, infested 
C. Without P, not infested 
D. Without P, infested 
E. Complete Knop's, not infested 
F. Complete Knop's, infested 
symptoms. When the plant was subjected to the organism and a nutrient 
deficiency, the growth of the plant was retarded by the accumulative 
effects of the two factors. 
The Victoria plants definitely showed that certain mineral deficiencies 
aggravated the root necrosis. The same deficiencies on Bond did not 
affect the seriousness of the root necrosis, probably because the plants 
were not grown long enough. The fact that any particular deficiency did 
or did not make the plant more susceptible was of minor importance. The 
mineral deficiencies retarded the growth of the plant, and this abnormal 
condition aggravated or increased the injury caused by Pythium. Ad-
versely low temperatures and the planting of old seed have proved to be 
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ju;t as important as mineral deficiences in producing abnormal plants and 
in determining the severity of a Pythium attack. 
The response of the varieties Boone and Marion, grown in field plots 
heavily infested with Pythium, to certain fertilizer amendments: The 
prevalence and wide distribution of P. debaryanum and related species of 
Pythium in oat fields throughout the state and the fact that no variety of 
oats was highly resistant indicated that Pythium root necrosis would be 
Fig. 9. Oat plants, variety Victoria, grown from planting 30 seeds in Pythium-infested 
and noninfested quartz sand, with Knop's solution. 
A. Without PK, not infested 
B. Without PK, infested 
C. Without Mg, not infested 
D. Without Mg, infested 
E. Distilled water, not infested 
F . Distilled water, infested 
difficult to control. This immediately raised the question whether appli-
cations of commercial fertilizers to infested soils would increase or de-
crease the root necrosis. 
Vanterpool (13) working on the browning root rot of wheat caused by 
Pythium spp., found that phosphatic fertilizers and farm manure gave 
adequate control of such organisms in the infested prairie soils of Canada. 
He considered that the improvement in growth of infected wheat plants, 
.resulting from these amendments, was due to the production of a large 
number of rapidly growing roots. The experiments did not indicate that 
the phosphatic mate.rials increased the wheat plant's resistance to Pythium. 
In earlier work Vanterpool (12) analyzed 66 pairs of prairie soil 
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samples collected from diseased and healthy wheat fields. The chemical 
analysis of these 66 pairs of soil samples showed that 90 per cent of the 
diseased areas had less available phosphorus and 74 per cent contained 
more nitrate nitrogen than the healthy areas. These results indicated that 
where the P / N ratio was relatively large the wheat plant was not sub-
jected to serious injury. If the P / N ratio was small, the wheat plant was 
seriously attacked by Pythium. These findings made it desirable to deter-
Fig. 10. Oat plants, variety Victoria, grown from planting 30 seeds in Pythium-
infested and noninfested quartz sand, with Knop's solution. 
A. Without N, not infested 
B. Without N, infested 
C. Without PN, not infested 
D. Without PN, infested 
E. Without KN, not infested 
F . Without KN, infested 
mine whether the same or a similar relationship existed in the root 
necrosis of oats. 
An attempt was made, in 1941, to determine the influence of certain 
fertilizers on Pythium root necrosis of oats under field conditions. The 
following fertilizer applications were made on Buchner sand and on 
Buchner sandy loam: none, phosphorus (500 lb. CaHi (P04 ) 2 per acre), 
potash (80 lb. KCl per acre) , nitrogen (200 lb. NaN03 per acre) , complete 
fertilizer, 6-8-12, 350 lb. per acre) , stable manure (ten tons per acre). 
The fertilizers were broadcast, worked into the top 2 inches of soil, 
and the plots were arranged in a 6 x 6 Latin square on each of the two 
soil types. Three rows of the two rust and smut-resistant varieties of oats, 
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Boone and Marion, were planted in rows 8 feet long at 1-foot intervals in 
each plot. Seven and one.-half grams of seed were planted in each row, 
and the two inside rows of the two varieties were harvested from each of 
the plots. 
The two soil types used for the experiment were selected because 
both were known to be heavily infested with Pythium. The Buchner 
sandy loam had a higher level of fertility, a greater water-holding capacity, 
and a higher organic content than the Buchner sand. The fertilizers were 
expected to give their most beneficial results when applied to the Buchner 
sand. Yield data collected from the Buchner sand and Buchner sandy 
loam plots are recorded in Tables 13 and 14. 
The fertilizers failed to give significant differences in yield on either 
type of soil. Boone significantly outyielded Marion on the Buchner sandy 
loam and, in general, increased yields due to fertilizers were slightly be-
low the level required for significance. Marion, however, gave a signifi-
cantly greater yield than Boone on the Buchner sand. 
In controlled greenhouse experiments, Boone was somewhat more 
resistant to Pythium root necrosis than Marion. Since the Buchner sand 
had a lower water-holding capacity than the heavier Buchner sandy loam, 
water could become a limiting factor to plant growth in the light sand 
before it would in the sandy loam. By the time the plants were beginning 
to head, the light Buchner sand was very dry and hot, and the oat plants 
were small and stunted. These same conditions reduced the Pythium flora 
to the extent that they could not be isolated after the first of June. Pos-
sibly these conditions Jllade it possible for Marion to outyield Boone on the 
Buchner sand, because Pythium was not a limiting factor during the last 
6 weeks of the growing season. 
Plants on the Buchner sandy loam never became stunted throughout 
the growing season. The black, heavy soil retained its moisture and made 
it available to the plants for a longer period of time than the Buchner sand. 
The presence of this moisture tended to reduce the soil temperatures, and 
Pythium was isolated from the Buchner loam soil 3 weeks later than it 
could be obtained from Buchner sand. Thus, Pythium was more of a lim-
iting factor in the Buchner loam, and Boone outyielded the more sus-
ceptible Marion. 
The response of Boone and Marion, grown on Buchner sand treated 
with chloropicrin, to certain fertilizer amendments: Under greenhouse 
conditions the exact degree of injury that Pythium caused to the oat plant 
was determined relatively easily. In the field, this was much more diffi-
cult because so many uncontrolled factors existed, such as soil-inhabiting 
pathogens. To at least partially overcome this difficulty, the soil was 
treated with chloropicrin. 
A plot of Buchner sand was treated with chloropicrin ( 480 lbs. per 
acre) in the late fall of 1940. The chloropicrin was applied at a depth of 
6-8 inches, and the treated soil was sealed with water for 48 hours follow-
ing the application. On April 1, 1941, oats were planted in the plot, and 
the following fertilizer treatments were used: none, phosphorus (500 
Check 
Boone Marion 
48 56 
58 40 
60 63 
74 77 
118 126 
82 76 
50 69 
43 59 
86 98 
88 96 
52 66 
56 67 
Var . mean 
TABLE 13 
YIELD OF GRAIN IN GRAMS PER Row FROM Boo~IE AND MARION v ARIETIES, GROWING ON BUCHNER SAND 
WITH FIVE FERTILIZER AMENDMEN1S. CONESVILLE, IowA, 1941 
Phosphorus Potassium Nitrogen Complete Manure 
Boone Marion Boone Marion Boone Marion Boone Marion Boone Marion 
58 47 64 54 62 76 61 55 69 79 
63 44 57 46 62 83 50 57 63 60 
74 90 48 38 78 107 78 87 72 61 
66 87 60 76 82 110 49 85 82 77 
62 72 86 130 53 78 54 80 99 84 
66 60 83 100 68 116 60 61 80 100 
86 100 81 93 54 72 79 95 93 104 
80 80 71 80 44 89 83 86 92 92 
76 94 68 55 62 77 73 100 60 70 
72 66 91 82 59 60 80 115 66 58 
70 96 74 70 87 84 92 103 67 73 
62 100 84 40 80 102 64 68 65 60 
64 .6 74 .4 69 .6 78.0 72 .2 72 .0 65 . 1 76 .2 68.6 82 .6 75.7 76.5 
Plot mean: 
1668 1771 1731 1815 1815 1826 
-Check 
TABLE 14 
YtELD OF GRAIN tN GRAMS PER Row FROM BOONE AND MARION VARIETIES GROWN ON BucHNER SANDY LOAM 
WITH FIVE FERTILIZER AMENDME TS. CoNESVTLLE, lowA, 1941 
Phosphorus Potassium Nitrogen Complete Manure 
Boone Marion Boone Marion Boone Marion Boone Marion Boone Marion Boone Marion 
125 192 196 180 191 180 182 118 216 179 222 194 
207 207 168 208 224 201 182 142 224 162 195 225 
140 160 190 170 256 117 216 173 190 168 143 214 
177 175 161 195 206 168 187 175 214 196 224 186 
238 216 207 200 188 171 203 182 176 158 206 186 
202 186 208 166 177 198 180 215 160 168 234 181 
140 148 238 226 233 230 207 196 238 206 179 192 
128 147 238 108 248 230 227 192 240 235 187 174 
190 173 250 276 249 237 184 112 211 229 214 238 
156 212 236 198 167 200 198 127 248 269 180 76 
236 194 220 260 211 246 208 228 234 174 117 81 
230 160 205 233 226 226 196 230 212 166 117 224 
Var. mean: 
180.8 180 .8 209.8 201.7 214.7 200.3 197.5 174 . 1 213.6 192.5 184.4 180. 9 
Plot mean: 
2170 2469 2490 2230 2437 2195 
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lb. CaH.1 (P04 ) 2 per acre, potash (80 lb. KCl per acre) , nitrogen (200 lb. 
NaN03 per acre). The plots were arranged in a Latin square, and varieties 
Boone and Marion were planted in 8-foot rows, 1 foot apart on every plot. 
Seven and one-half grams of seed were planted per row. The 6 x 6 Latin 
square (fertilizer plots) was placed adjacent to the 4 x 4 Latin square 
(chloropicrin plots) to compare the growth 0£ oat plants in soil to which 
chloropicrin had not and had been applied, respectively. 
The Buchner sand plot treated with chloropicrin gave greatly in-
creased yields over the nontreated Buchner sand plot (Tables 13, 15). The 
increase in yield was caused by the chloropicrin which partially eliminated 
the pathogenic organisms from the soil, particularly during the first 3 or 
4 weeks of the growing season. During this time it was difficult to isolate 
Pythium from the chloropicrin plots, but it was isolated at will from the 
adjacent 6 x 6 Buchner sand plot that had not been treated with chloro-
picrin. The plants growing in the chloropicrin-tre'ated soil grew rapidly 
during April, May, and the first week of June, and stunting was not ob-
served until after the sandy soil became hot and dry. Plants on the adja-
cent 6 x 6 Latin square were badly stunted by the first week in May and 
were suffering from a continuous root pruning by Pythium. When hot, 
dry weather came in June and July, the plants on the chloropicrin plots 
had the most efficient root systems and could obtain more water from the 
rapidly drying Buchner sand than plants with badly parasitized root 
systems. This enabled the plants growing in Buchner sand, treated with 
chloropicrin, to have a longer growing period before water became the 
limiting factor. 
An analysis of variance in the yields obtained on the chloropicrin-
treated soil showed that none of the fertilizer applications significantly 
increased the yields. Marion, however, was a significantly higher yielder 
than Boone, which was attributed to the relative lack of Pythium in the 
chloropicrin plot. 
TABLE 15 
YrELD IN GRAMS P E R R ow F R OM B OONE AND M ARION V AR IBTIES, GROW N ON B UCHNER S AND 
T REATED W lTH CHLOROPICRIN FOLLOWED BY T HREE F E RT ILIZER APP LICATIONS 
Check Phosphorus Potash N itrogen 
Boone Marion Boone M arion Boone M arion Boone M arion 
184 149 158 157 149 170 140 138 
146 141 120 152 170 162 142 145 
151 188 146 147 160 174 162 156 
143 170 178 190 134 138 163 192 
148 143 110 169 156 150 128 157 
141 130 132 159 128 148 161 114 
110 138 108 126 118 157 129 11 0 
127 80 11 4 126 114 145 11 2 129 
Var. mean 
143. 8 142.4 133 .3 153 .3 141 . 1 155. 5 142 . 1 142 .6 
Plot mean 1145 1146 1187 1139 
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The influence of certain fertilizers, broadcast and drilled with the seed, 
on the root necrosis of oats: The failure of the fertilizers used in 1941 to 
significantly increase the yield indicated either that these fertilizers had 
been applied in insufficient amounts or that the Buchner sand and sandy 
loam soils were at a high level of fertility for the oat plant. In 1942 another 
experiment was conducted using various fertilizers applied at greater rates 
than in 1941. 
Commercial CaH.1 (P04 ) 2 , KCl, NaN03 , complete fertilizer (6-8-12), 
flowers of sulphur, and Formacide were broadcast and drilled in the re-
spective plots as indicated in Table 16. Broadcast applications were dis-
tributed evenly throughout the plot, and the fertilizer was raked into the 
top 2 inches of soil just before the seed was sown. Drilled applications 
were evenly distributed in the furrows at the time the seed was sown. 
The plots were 6' x 8', and two rows of Boone and two rows of Marion 
were planted at 1-foot intervals in each plot. Seven and one-half grams of 
seed were planted per row. Alleys 2 feet wide were left between every 
two plots, and the plots were arranged in a randomized block with three 
replications. Data were collected from the two inside rows of oats planted 
TABLE 16 
MEAN S T AND AND MEAN T O P GROWTH IN INCHES OF 10 PLANTS S ELECTED AT RANDOM IN 
EACH OF THREE REP LICATIONS OF VARIETIES B OONE AND MARION GROWN O N BUCHNER LOAM 
WITH VARIOUS FERTILIZER AME NDMENTS. CONESVILLE, I owA , 1942 
M ean Top Growth 
in Inches 
M ean Plot 
Fertilizer Application Boone Marion Stand 
800 lbs. CaH.(P0,)2 ....... Broadcast ... .. . 17 .3 20.7 460 
400 " " Drilled ... 17. 3 23 .7 399 ...... . .... 
600 " KCL .... . .. . .... . Broadcast. .. . .. 17. 3 21. 3 379 
300 " " Drilled ........ 19.0 23.0 232 .......... . .. 
800 " NaN03 ....•....•. Broadcast ...... 25 .0 * 28. 7* 432 
400 " " Drilled ........ 24 .0* 27. 7 * 334 . . . . . . . . . . . 
800 " 6-8-12 ....... . .... Broadcast. ..... 26 .0* 28 . 7* 41 7 
400 " " Drilled .... . ... 25 . 3* 29. 3* 336 ............ 
2000 " Sulphur .......... Broadcast . ..... 21.0 24 .7 389 
1000 " " Drilled . ..... . . 19 .7 24 .0 397 .... . ..... 
800 " Formacide ..... . .. Broadcast. . .. . . 17 .7 20. 3 344 
400 " " Drilled . ....... 18 .7 22.3 317 . . . . . . . ' 
400 " CaH4(P04)2 . ... . .. Broadcast. ..... 19.3 22 .3 340 
200 " " Drilled .. . ..... 19 .3 21 .0 362 . . .... . 
300 " KCL .. .. ... . .. . .. Broadcast. .. . .. 19. 7 22 .7 379 
150 " " Drilled . . . .... . 19 .7 22. 3 353 . . . . . . . . . . . . . 
400 " NaN03 ........• . . Broadcast. ..... 24 .0 * 28 . 3 * 411 
200 " " Drilled ........ 24 .3* 36 . 3* 286 . .... .. .... 
400 " 6-8-12 ............ Broadcast. . . ... 23 .0 * 24. 0 418 
200 " " Drilled ........ 22 . 7 * 26. 7* 295 . . . . . . . . . . . . 
1000 " Sulphur . ......... Broadcast. . . ... 19 .3 20.0 399 
500 " " Drilled .... . ... 19 .3 23.0 357 ....... . .. 
500 " Formacide ........ Broadcast. .. ... 19 .0 21 .3 410 
250 " " Drilled ........ 21.0 23. 3 378 .. .. .. . . 
Check ...... . ............. . . . . . . . . . . . . . . . . 18.0 23.0 387 
* Significantly greater than check. 
PYTHIUM ROOT NECROSIS OF OATS 397 
on any one plot. The plots were planted April 3, 1942. Environmental con-
ditions were unusually hot and dry throughout April and the first week 
in May. The remainder of May and the month of June were abnormally 
wet and cool. 
The seed continued to germinate for 3 weeks after it was planted, and 
the stand was irregular. During this period of germination, the plots that 
received NaN03 and the complete fertilizer did not show foliage symp-
toms of Pythium root necrosis as did the plots receiving the other fer-
tilizers. By the third week in May these differences were very pronounced. 
The oats in all the plots were chlorotic and stunted, except for the eight 
plots that had received NaN03 and the complete fertilizer. Plants grown 
in these plots had a deep green color and appeared to be growing normally 
and vigorously. Mean top growth measurements, made June 1, are re-
corded in Table 16. The data show that NaN03 and the complete fertilizer 
gave highly significant increases in top growth in variety Boone when 
broadcast at 800 or 400 pounds and drilled at 400 and 200 pounds per acre. 
Marion also showed significant increases for the same fertilizers except 
when 400 pounds of complete fertilizer were broadcast. No other fertilizer · 
gave significant increases in top growth over the nontreated plot. Sulphur, 
however, when drrlled at 1,000 pounds and broadcast at 2,000 pounds per 
acre seemed to cause a slightly better growth of plants in comparison with 
the nontreated plot. This increase did not reach the level of significance. 
The mean plot stand counts for each of the 25 plots tended to be higher 
when the fertilizers were broadcast, which indicated that much smaller 
applications should be used when drilled with the seed. 
Pythium and other soil-borne organisms were isolated from the roots 
of plants grown in each plot, and serious root necrosis was observed in 
~ach of the plots. In the NaN03 and the complete fertilizer plots, however, 
the plants seemed to have more roots and appeared to be capable of pro-
ducing new roots at a greater rate than the plants obtained from the other 
plots. No evidence was obtained that indicated that any fertilizer inter-
fered with or stimulated the attack by Pythium. The NaN03 and the 
complete fertilizer did not make the plants resistant to attack but made 
it possible for them to develop new roots rapidly and to continue an appar-
ently normal growth even though the organism was actively parasitizing 
the roots. 
SUMMARY 
Pythium debaryanum Hesse caused serious root necrosis to oats grown 
in Iowa during the years 1938 to 1942, inclusive. 
Isolated from field-grown oat plants, P. debaryanum was found to be 
the predominating organism in the infected roots in the early part of the 
season. Eighty to 90 per cent of the isolations made from field-grown 
seedlings during the first week in May yielded Pythium. Successive isola-
tions made in late May and in early June gave decreased percentages of 
Pythium and increased percentages of secondary organisms. Pythium 
was not isolated after June 25, although many attempts were made in 
1938, 1939, and 1940. 
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Greenhouse studies showed that P. debaryanum was capable of caus-
ing a serious seed rot and root necrosis at temperatures at and below 
25°C., becoming especially serious between 8° and 15°C. The average soil 
temperature in 1938 and 1939 for the top inch of soil in Iowa during the 
month of May was approximately 13.5°C. 
Greenhouse studies in artificially infested soil showed that tempera-
ture, size, and age of seed planted and the application of varying amounts 
of inoculum were important factors in determining the severity of the 
Pythium disease. 
Two hundred and thirty-two varieties of oats were grown in artifi-
cially infested soil, and the varieties Coast Black, Black Algerian, Early 
Red Rustproof, Red Algerian, Ruakura, and Flughafer were the most re-
sistant varieties in the collection. No marked, outstanding resistance, 
however, was observed in any of the 232 varieties tested. Commercial 
varieties and wild species having 21 pairs of chromosomes were more re-
sistant than those with 14 and 7 pairs. 
Plants grown in infested soil had a reduced rate of growth and de-
layed tillering. The oven dry weight of plants grown in infested soil was 
approximately one-half that of plants grown in noninfested soil. Plants 
of the variety, Swedish Select, grown to maturity in Pythium-in£ested soil 
yielded approximately one-half as much as did plants grown in non-
in£ested soil. 
The prevalence of Pythium on the roots of yellow and green plants 
in the field depended on the time the isolations were made. · If isolations 
were made when yellowing was first observed, the yellow plants tended 
to give the highest percentage of Pythium isolates. The roots of the yellow 
plants were rotted more rapidly than roots of green plants, secondary or-
ganisms entered rapidly, and Pythium was isolated from green plants at 
a later date than it was from yellow plants. 
Nutritional deficiencies increased the detrimental effects of injury 
caused to the plant by Pythium root necrosis. Infected plants became 
chlorotic and stunted several days before noninfected plants when grown 
under the same nutrient deficiency. 
Heavy applications of NaNO~ and a complete fertilizer (6-8-12) pre-
vented field-grown plants from becoming stunted and chlorotic. These 
applications made it possible for the plants to produce new roots and to 
replace those badly parasitized by Pythium. Since the rate of root replace-
ment was high, the plants continued to grow vigorously and appeared 
normal. No evidence was obtained that indicated that NaN03 and com-
plete fertilizer (6-8-12) increased a plant's resistance; they merely made 
it possible for the plant to endure the attack. 
Throughout the investigations on oats, any factor that retarded the 
growth of the plant made Pythium injury more pronounced but did not 
noticeably affect the pathogenicity of the organism. Plants grown under 
optimum conditions of temperature, moisture, fertility, etc. , continued an 
apparently normal development in the presence or absence of P. debary-
anum. If, however, any factor became limiting to the optimum develop-
ment of the plant, Pythium seemingly became more destructive. 
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SOME FACTORS DETERMINING THE INFECTION OF CORN BY 
USTILAGO ZEAE (BECKM.) UNGER1 
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Received October 27, 1944 
Corn smut, caused by Ustilago zeae (Beckm.) Unger, is one of the 
serious endemic diseases of the major crop of the Upper Mississippi Valley. 
The only effective control measure that appears to be feasible at present 
is the development of resistant varieties. The location of resistant strains 
for use in a breeding program is hampered by the lack of a reliable and 
consistent method of producing epiphytotics of corn smut for testing 
purposes. 
The most favorable approach to such a procedure seems to be Davis' 
spiral whorl technique, which was modified from one of Brefeld's three 
original methods of inducing smut of corn. The various methods of pro-
ducing infection which have been used, their effectiveness, and the objec-
tions to them have been thoroughly discussed by Davis (6) and Walter 
(19). The present paper reports further studies designed to improve and 
elucidate certain details of Davis' technique. 
METHODS 
The monosporidial cultures used in this investigation were obtained 
from chlamydospores by the usual isolation technique (6) employing a 
Chamber's (2) micromanipulator. The isolated sporidia were grown on 
carrot agar. 
A series of collections of smut galls was made from Iowa corn fields 
during the winter of 1938-39. The cultures obtained were designated by 
the number of the gall and a letter indicating the order in which the 
sporidium was isolated from the chlamydospores of that particular gall. 
Combinations of sporidia were indicated by combinations of the letters 
of the sporidia of a gall, lOab, or of the numbers of the cultures from two 
galls, lOa, 15a. 
Infection of the corn plants was induced by Davis' (6) method. A 
clump of sporidia the size of a pinhead was transferred from a stock 
culture to each of a series of flasks containing 25 ml. of sterilized carrot 
decoction (6). Each monosporidial isolate was grown in a separate flask. 
The cultures were incubated in the laboratory for 7 days, and were 
shaken vigorously once or twice on or after the fourth day to produce a 
uniformly turbid growth. On the seventh day, equal parts of two mono-
' Journal paper No. J-1241, of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project No. 92. 
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sporidial suspensions were mixed together and an equal part of freshly 
prepared 1 per cent fish-oil soap added. The inoculum so prepared was 
referred to as the "treated inoculum." 
The corn used in these tests was planted thickly and thinned 7 to 
10 days before inoculation to well-spaced plants of uniform size. From 
October 21, 1939, to April 13, 1940, plantings of inbred line Os' 426 were 
made every 2 weeks in greenhouse ground beds. The plants were artifi-
cially subjected to infection about 5 weeks after planting when they were 
12 to 15 inches tall. The records of gall production were obtained 15 
days after inoculation. Nontreated plants were included in all tests to 
serve as checks. In no case, however, were any of these plants observed 
to show any infection. To save space the negative reaction of these non-
treated plants is not recorded in the results reported. 
The results obtained in the experiments are prese~ted in a summarized 
form consisting of a percentage factor and a severity factor. Thus, 
80.7/ 2.45 indicates that 80.7 per cent of the plants subjected to infection 
produced galls and on this 80.7 per cent of the plants, the average severity 
of gall production was 2.45. 
The average severity was determined on the basis of a scale developed 
during the course of the investigation in an attempt to secure a better 
measure of the pathogenicity from a limited number of plants, and to 
represent the severity of the disease, as measured by the extent of gall 
formation on the leaves, on a numerical basis. The scale (see Fig. 1) 
was based on the percentage of leaf area of the plant hypertrophied, not 
upon the volume of gall tissue produced. The plants pictured represent 
the mean of the range of severity represented by each value. The severity 
rating of a group of plants would vary somewhat in records made by 
several workers unless they had had previous experience in its use. This 
variable has been tested by repeating the records made on various experi-
ments and has been found to be small. A more serious discrepancy may 
have entered as a result of the decision to consider and record all evi-
dences of infection other than gall formation, i. e., yellowing, anthocyan 
production, ne::rosis, etc., as a zero rating and, therefore, the same as non-
infected plants. This procedure seemed to check with the experience of 
other workers (1, 6, 9, 14) and to introduce the least difficulty in ex-
pressing consistent results. 
In certain cases a product of the percentage and severity factors will 
give a complete picture of the rating of two or more treatments in a test, 
but in most cases it seems more complete, and the nature of the data and 
their interpretation is clearer when both figures are recorded. This is 
clearly indicated in Tables 2, 5, and 7. The latter practice was followed 
throughout. 
EXPERIMENTAL 
Surface Tension Depressant: Davis (6) developed a technique of 
inoculating the corn plant with a sporidial suspension of Ustilago zeae by 
dropping it, after the addition of a surface tension depressant, into the 
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Fig. J. The arbitn•n· ~~.,J~. ba~e-i upon the ,,,·t~;,t of leaf gall formation, em?loyed to 
give a numerical rating to the severity of disease induced by Ustilago zeae. 
404 R. E. WILKINSON AND G. C. KENT 
leaf whorl. Dickson and Bowman (7) , us.ing chlamydospores, also found 
the method successful under field conditions, while Walter (19) found no 
benefit from using the depressant under greenhouse or field conditions. 
Presumably the perfect surface tension depressant for such use must 
possess four qualities. It must (1) be nontoxic to host and pathogen, 
(2) lower the surface tension of the inoculum sufficiently to enable it to 
reach the growing point of every plant unless the leaf whorl was blocked, 
(3) have a. margin of safety between injury to the host and maximum 
surface tension depression, and (4) be of a stable and uniform constitution. 
Fish-oil soap, as used by Davis (6), does not satisfactorily fulfill 
all. the above requirements, and in an attempt to find a substitute, tri-
ethanolamine oleate, sodium ricinoleate, dreft (sodium salts of sulfonated 
higher alcohols), saponin, ethylene glycol, kerosene, and numerous oils 
were tested. Although saponin, sodium ricinoleate, kerosene, and the 
oils gave low tensiometer readings, they definitely were inferior in green-
house inoculation trials. Dreft had a mild phytocidal action but showed 
a high fungicidal action. Attempts to increase infection by using greater 
concentration of the detergents resulted in greater burning of the plant. 
Triethanolamine oleate, showing nearly the same surface tension 
depression as fish-oil soap when used in carrot decoction, was the more 
effective when used with the treated inoculum as may be seen in Tables 1 
and 2. · 
The triethanolamine oleate was prepared by mi~ing, at room tem-
perature, seven parts of oleic acid with one part of 90 per cent triethanola-
. mine in 92 parts of water. It appeared that the volume of oleic acid need 
not be accurate. The triethanolamine oleate so prepared and diluted 
with 15 parts of water (0.5 per cent) was equal in action to the fish-oil 
soap, and when used with 10 parts of water (0.727 per cent) was superior 
to the fish-oil soap (Table 1) . 
A comparison was made of the reaction between the inbred line of 
corn Os 426 and eight fertile combinations of monosporidial cultures of 
U. zeae when fish-oil soap and triethanolamine oleate were used as depres-
sants. The results based on 10 plants per treatment are reported in Table 
2. The superiority of triethanolamine oleate over fish-oil soap is again 
evident. There is an apparent tendency for the extent of the gall produc-
TABLE 1 
THE EXTENT OF GALL P RODUCTION I NDUCED BY "TR EATED I NOCULUM" WHEN T Rt ETllA-
NOLAl\UNE 0 LEATE AND FISH -OI L SOAP W ERE USED AS SURFACE TENSION D EPRESSANTS 
urface Tension Depressant 
Triethanola mine oleatc ... .. .... . 
Triethanolaminc oleatc ...•...... 
F ish-oil soap . .. ..•......... . .... 
Concentra tion in 
Percen tage 
0 . 727 
0 . 500 
0 . 333 
* See expla nation in " Methods," pg. 401. 
Smut- Percentage 
Severity * 
99 . 3/ 6 . 0 
90 . 9/ 4 . 1 
75 . 9/ 2 .83 
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TABLE 2 
THE EXTE NT OF GALL PRODUCTION INDUCED BY v ARlOUS FERTILE COMBINATIONS OF Ustilago 
ZtlU AS INFLUENCED BY THE SURFACE TENSION DEPRESSANT EMPLOYED 
Treatment 
Tricthanolamine 
Oleate Fish-oil Soap 
Fertile 10 Plants to 10 Plants to 12 Tests of 
Combination Each Treatment Each Treatment 10 Plants Each for 
Each Treatment 
1 lac . . .......... . . 100/ 6 .5 80/ 3 . 5 92.5/ 3 .38 
10ab .. . . . . . . . . . . . . 100/ 6 .3 70/ 4.43 87 . 5/ 3.17 
50ad .. . ... . ....... 100/ 6 . 1 100/ 3 . 9 81 . 6/ 2 .63 
33ae .... .... . ... .. 100/ 6 .0 70/ 3 . 43 85 .0/ 2 .86 
81bc .. .. .. ........ 100/ 5. 7 80/ 2 .88 81 . 7/ 2 .72 
49ab .... . ......... 100/ 5.5 80/ 3 . 75 70 .0/ 2 . 44 
93ab ....... . .... . . 100/ 3 . 8 30/ 2 .0 54 . 2/ 1. 74 
Bae . .......... . .. 90/ 3 . 1 60/ 2 . 17 70.8/ 1 .98 
Average .. . . . . . . . . . 98 . 75/ 5 . 4 71 . 25/ 3 . 26 77. 9/ 2 . 6 
-
tion by the various fertile combinations to shift uniformly to a higher 
rating when triethanolamine oleate was used, but relative differences in 
virulence were still evident. 
The value of the scale used to measure the extent of gall production 
over mere percentage of diseased plants was clearly shown when only a 
few plants were used and the percentage of infection was high. There was 
a rather close relationship between the severity factor and the percentage 
factor for gall production when fish-oil soap was used as the detergent, 
especially when a large number of plants was involved. When triethan-
olamine oleate was used as the surface tension depressant, penetration of 
the "treated inoculum" apparently was consistently deep enough that only 
one plant out of 80 failed to produce galls. The differences in virulence of 
the various fertile combinations, however, still are evident from the 
severity factor. 
The fourth column in Table 2, which is a summary of 12 trials similar 
to that recorded in the third column, gives a somewhat truer picture of 
the relative virulence of the various combinations because of the larger 
number of plants involved. An arrangement of the fertile combinations 
according to their relative virulence, as measured by one test of ten plants 
for each combination with triethanolamine oleate used as the detergent, 
was quite similar to the summary of 120 plants to which the fish-oil soap-
treated inoculum was applied. 
No successful surface tension depressant was found that was non-
toxic to the host plant. A successful surface tension depressant allowing 
the sporidia of the smut organism to reach the young growing tissue that 
is susceptible to infection is likely to injure this same tissue. A scale 
was developed reading from zero for no visible effect, 1 for yellowing, 
through various degrees of necrosis to 9 for a plant near death. Using 
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this scale, readings of the phytocidal action of various detergents were 
obtained in three different tests. Table 3 indicates that 0.5 per cent 
triethanolamine oleate is not as severe as fish-oil soap, while 0.727 per cent 
triethanolamine oleate is more severe. 
Dilution of inoculum: The use of a dilute sporidial suspension would 
gre.atly facilitate the preparation of the inoculum for large scale inocula-
TABLE 3 
TH E EXTE NT OF N ECR OSIS INDUCE D BY "TREATED INOCULUM " WHEN TRIETHANOLAMINE 
0LEAT E AND FISH- OIL SOAP ARE USED AS SURFACE TE1'SION DEPRESSANTS 
Surface Tension Depressant 
Percentage Concentration 
in Sterile Carrot Decoction 
Average Severity 
of Necrosis 
Fish-oil soap ............. . .. . . . . 
Triethanolamine oleate .. . . . 
Triethanolaminc oleate .. . . . 
0 . 333 
0 . 727 
0 . 500 
2.5 
3 .0 
2 . 1 
tions. Tli.e results of experiments conducted to test such a dilution of 
the treated inoculum using various types of detergents are reported in 
Table 4. Carrot decoction was much more useful as a diluent, allowing 
a much higher percentage and severity of infection than distilled water. 
It would appear, therefore, that diluting the culture 1 part to 100 with 
carrot decoction and using triethanolamine oleate at 0.727 per cent would 
not greatly affect the value of the inoculum. 
ANALYSIS OF CULTURES 
A study was made of the virulence of eight fertile combinations of 
monosporidial cultures on the inbred line of corn Os 426. Ten plants of 
Os 426 were subjected to infection by each of eight fertile pairs of mono-
sporidial cultures of the "treated inoculum" method in each ground plot 
TABLE 4 
THE EFFECT OF VARIOUS SURFACE TENSION DEPRESSANTS, DILUENT$, AND DILUTIONS OF 
INOCULUM ON THE EXTENT OF GALL PRODUCTION INDUCED 
Surface. Tension Depressant 
Triethanola- Triethanola- Hypodermic 
Fish-oil Soap mine Oleate mine Oleate Injection 
Dilution Treatment 0 .33% 0 .72% 0.50% (checks) 
Full strength .... . . . . . . 90/ 3 . 7 100/ 4.6 92 5/ 3 . 5 100/ 6 .0 
1/ 50 dilution with dis-
88.8/ 4 . 2 85 . 7/ 3 . 4 tilled water .... .... 12/ 1 . 3 . . . . . . . . . . . . . 
1/ 50 dilution with car-
rot decoction . ... . . . . 87 . 6/ 3 . 4 93.3/ 4.9 . . . . - .. . .... . . . . . . . . . . . . . . . 
1/ 100 dilution with 
distilled water . ... . . . 0 .0/ 0 . 0 75/ 2 .8 . . ..... . .. ... . . . . . . . . . . . . .... 
1/ 500 dilution with 
100/ 5 distilled water . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . ... .. . . 4 
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in the greenhouse at about 2-week intervals until 12 tests had been com-
pleted. The procedures described under "Methods" were followed through-
out. The data from these 12 trials are summarized in Table 5. Except for 
49ab, all combinations maintained their relative positions in all tests. The 
advantage of using severity rather than percentage infection is again 
indicated, as the combinations seem much more stable in this category. 
The combination of cultures, 49ab, showed a marked tendency to 
induce necrosis rather than gall production (Fig. 2) . This reaction was 
more marked in some tests than others, especially in the latter half of 
the work, suggesting that it might be associated with high temperatures. 
Christensen and Stakman (5) reported that different collections of Usti-
lago zeae induced different degrees of necrosis, depending upon the line 
of corn into which they were hypodermically injected. Walter (18) made 
a cytological study of the infection of corn by sporidia and chlamydospores 
of U. zeae and found that only a few cells were killed at the point of pene-
tration in hypersensitive reactions. The use of a rather concentrated sus-
pension of the pathogen in this work may account for the rather extensive 
necrosis produced by this line. 
REACTION OF THE COMPOSITE INOCULUM 
Since U. zeae is a species consisting of many races (4, 5, 16, 17) , it 
appears that for large-scale field tests of a number of varieties of corn 
the inoculum should consist of several races. The greater the number of 
monosporidial cultures involved, the greater might be the possibility 
of securing the most virulent combination or race for each of the corn 
lines tested. Presumably if a composite inoculum consisting of eight 
fertile pairs of monosporidial cultures was used, there would be a chance 
for 64 fertile combinations to occur in the plant. Such a composite 
inoculum was tested in the greenhouse in comparison to each of the eight 
pairs of cultures composing it, using the " treated inoculum" in each case. 
The data reported in Table 6 represent the average of nine replications 
of ten plants each for each inoculum. 
The lowered smut reaction with a composite inoculum agrees with the 
results recently reported by Kernkamp and Martin (10). A possible 
explanation for the lowered reaction with the composite inoculum is that 
the mycelia that invade most rapidly are not the ones which stimulate 
the formation of the largest galls. These results seem to agree, although 
using the reverse process, with those of McNew (12), who found that the 
subcultures of a moderately virulent culture of Phytomonas stewartii 
(E.F.S.) Bergey et al., ranged from weakly virulent to very virulent. 
SOLOPATHOGENIC CULTURES 
Chilton (3), Christensen ( 4), Eddins (8), Stakman, et al. (16, 17) 
have reported the occurrence of solopathogenic cultures of U. zeae. In 
the present work, out of 125 monosporidial isolates tested, two (5lb and 
l'lot _ o_. _I 
I . . . . . . . . . ' 
2 ..... . . . . 
3 .......... 
4 .......... 
5 .......... 
6 .......... 
7 .. ........ 
8 .......... 
9 .. ........ 
10 .......... 
11. ......... 
12 .......... 
Ave ... ...... 
--
TABLE 5 
THE REACTION OF EIGHT FERTILE COMBINATIONS OF Ustilago <,eae ON THE I NBRED LINE OF CORN Os426 
1 lac 10ab 33ae 81bc 50ad 49ab Bae 93ab 
100/ 2.70 90/ 2.78 80/ 2 .50 80/ 2 .63 80/ 1.38 80/ 2 . 13 70/ 2.14 90/ 1 .78 
90/ 3.55 50/ 2 .80 80/ 2 .50 70/ 2 . 14 60/ 2 .83 90/ 2.00 40/ 1 .25 50/ 1 .60 
80/ 3 .50 70/ 4 .43 70/ 3.43 80/ 2.88 100/ 3.90 80/ 3 .75 60/ 2 .17 30/ 2 .00 
100/ 3 . 20 80/ 1 .50 80/ 3 13 100/ 2 .90 100/ 2 .40 100/ 2 .40 100/ 2 .40 90/ 2 .33 
80/ 5. 13 100/ 3.20 100/ 3.70 100/ 2.10 80/ 2 .87 100/ 3 .30 90/ 2.11 . . . . ... ..... 
100/ 3.2 100/ 2.7 100/ 2 .6 100/ 2 .6 80/ 3.0 60/ 3.5 80/ 1 .6 20/ 1 .0 
100/ 4.20 100/ 3.50 100/ 3.90 100/ 4 .40 90/ 2.10 90/ 1 .55 100/ 2 .40 60/ 1.66 
90/ 3 .22 100/ 4 .30 90/ 3 .90 50/ 2.60 70/ 2.57 10/ 1.00 80/ 2.38 80/ 1. 14 
100/ 3 . 1 80/ 2 .25 70/ 2 .0 90/ 2.9 90/ 2.55 30/ 1 .0 50/ 1 .25 20/ 1 .0 
100/ 4 .0 100/ 4 .2 100/ 2.0 100/ 2.9 100/ 3.9 100/ 2 .4 80/ 1 .625 60/ 1 .5 
90/ 3.1 90/ 3 .1 50/ 2 .0 60/ 2.0 70/ 1 .9 50/ 1 .8 50/ 1.8 30/ 2.00 
80/ 3.25 90/ 3 .0 100/ 3 .1 50/ 2.6 60/ 2. 17 60/ 2.17 50/ 1 .6 30/ 2.67 
92 .5/ 3.38 87. 5/ 3 .17 85 .0/ 2.86 81 .7/2 .72 81 .6/2.63 70.0/ 2 .44 70.8/ 1 . 98 54 .2/ 1 .74 
Ave. 
83.7/ 2. 255 
66 . 25/ 2 .33 
71 . 25/ 3.26 
92 .5 / 2.51 
92 .7 / 3 .20 
80.0 / 2.53 
92.5 / 2.96 
71 25/ 2.64 
66 . 25/ 2 .0 
92.5 / 2.81 
61 .25/ 2 . 21 
65 .0 / 2 .63 
77.9 / 2.615 
""" 0 00 
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2 
3 
Fig. 2. Characteristic leaf symptoms induced with "treated inoculum." Notice the 
region of injury at "1" induced by the toxicity of the "treated inoculum." 
Leaf A: Symptoms induced with the mating lOab. Note the restricted gall for-
mation with yellowing and anthocyan production at "2" and the well-developed 
gall at "3" which is nearer the base of the leaf. 
Leaf B: Symptoms induced with the mating 49ab. Note the absence of galls and 
the necrotic areas in the region of infection comparable to the space between 
"2" and "3" on leaf A. 
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TABLE 6 
T H E R E ACTION ON I NBRED 0s426 O F A C OMPOSITE INOCUL UM AND EIGHT OF THE P OSSIBLE 
SIXTY-FOUR F ERTILE COMBINATIONS OF THE SIXTE EN CuLT UR ES COMPOSING lT 
Inoculum 
1 lae . . ....... . ............................ ·. ·. · ... · 
10ab .......... . . . ........................... . . . . . . . 
Composite ............................ . . . .......... . 
33ae . . ..... . ...... . ............................. . . . 
50ad ............................. . ................ . 
81 be ..................................... . ........ . 
49ab ... . . .......................... . ...... . . ...... . 
Bae ...... . .... . . . ......... . .................. . 
93ab ... .. .. .. ........... . ................. . 
Per cent Infection 
Severity 
91 . 1/ 3 . 63 
92 . 2/ 3.41 
89 . 5/ 3 .48 
86 .7/2 . 96 
82 . 5/ 2 .77 
81 . 1/ 2 .78 
64 . 6/ 2 . 33 
71 .1/ 1 .88 
41 . 3/ 1 . 62 
97e) were solopathogenic. Monosporidial subcultures from these two 
cultures gave a similar reaction, indicating their true solopathogenicity. 
Chlamydospores produced by these solopathogenic cultures were 
germinated and single sporidia isolated at random. Of the 11 monosporidial 
isolates from chlamydospores produced by 51b, three isolates were of one 
sex , three of the other, and five were solopathogenic. Of seven mono-
sporidial isolates from chlamydospores produced by 97e, six were of one 
sex, one of the other, and none were solopathogenic. 
All seven solopathogenic cultures produced a small "pinhead" type 
of leaf gall which was so different from that induced by the 125 normal 
heterothallic combinations that it is difficult to compare the two (Fig. 3) . 
Galls induced by the solopathogenic lines at nodes or the union of leaf 
blade and sheath were normal, large galls. Of the original two solopatho-
genic lines, 97e was the more virulent on the inbred line of corn Os 426. 
Galls induced on Golden Bantam sweet corn by solopathogenic isolates, 
as pictured by Christensen (4) , appear quite similar to those induced 
by normal heterothallic combinations and not at all like the galls induced 
by the seven lines studied here. 
VACUUM INOCULATION 
A method which might allow the use of small plants was modified from 
that used in oat tests by Leukel (11) and on barley and wheat by Moore 
(13) . The "treated inoculum" was dropped into the spiral whorl of potted 
seedlings in the fourth-leaf stage and the plants then placed under a bell 
jar which was evacuated to 70 cm. of mercury. The plants were subjected 
to this reduced pressure for 15 minutes and then returned to the green-
house bench. The plants had not been watered for 24 hours before treat-
ment but were not wilting. 
In five tests, 25 Golden Bantam sweet corn plants were subjected to 
the vacuum treatment. The 22 plants which became infested had a 
severity rating of 8.5. Of these plants, 18 were dead within 25 days. Of 25 
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Fig. 3. A comparison of the leaf galls on Golden Bantam sweet corn induced by a 
normal pair of haploid cultures (lOab), Plants 1 and 2, with those induced by a 
solopathogenic culture (5lb), Plants 3 and 4. Note the mild "pinhead" type of gall 
produced on a leaf blades, but normal gall at the union of the leaf blade and sheath 
of Plant 4. Inoculation by hypodermic needle. 
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plants similarly treated but not subjected to the reduced pressure, 9 
became infected with a severity of 2.0. No effects were observed on 7 
plants subjected to the reduced pressure after treatment with sterilized 
carrot decoction plus 0.33 per cent fish-oil soap. 
SUMMARY 
Davis' spiral whorl method of inoculating corn with U stilago zeae 
(Beckm.) Unger in the greenhouse was improved by using triethanola-
mine oleate as a detergent. Triethanolamine oleate proved to be the best 
detergent to use with the sporadia suspended in carrot decoction. The tri-
ethanolamine oleate was less toxic to the host tissues, more constant in its 
composition, and promoted a higher degree of infection of greater severity 
than fish-oil soap, sodium ricinoleate, dreft, saponin, ethylene glycol, 
kerosene, or several oils when used as detergents. 
The sporidial suspension of U. zeae, after being diluted 1 to 100 with 
carrot decoction, plus triethanolamine oleate, still produced a high de-
gree of infection of great severity. 
The range of pathogenicity exhibited by matched pairs of sporidia, 
when tested on a single inbred line of corn, extended from the production 
of a few small galls to many large galls or to necrotic areas. 
Two solopathogenic lines were isolated that produced pin point leaf 
galls but normal-sized nodal galls. 
A composite inoculum of eight matched pairs of sporidia was less viru-
lent than the most virulent of the matched pairs,-
A vacuum method of inoculating corn with U. zeae was tested. 
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A program of making seed keys was initiated by the Iowa State 
College Seed La1'oratory in 1943. The keys are designed to aid the seed 
analyst as well as the taxonomist in seed and plant identification. In the 
first paper (10) keys to the seeds of 14 species of the Geraniaceae were 
presented. In this paper the Euphorbiaceae in Jowa have been chosen as 
the second study. One key to the genera and three keys to the species 
have been made. 
The family, Euphorbiaceae, contains a number of plants of economic 
significance. One member, Euphorbia esula L.2 (leafy spurge) is a seri-
ous noxious weed. Others, while not noxious, are decidedly weedy; 
namely, E. maculata L.3 (upright spotted spurge), E. supina Raf.4 (pros-
trate spotted spurge) , and Acalypha rhomboidea Raf. (three-seeded mer-
cury). Euphorbia cyparissias L. (cypress spurge) and E. marginata Pursh 
(snow-on-the-mountain) were introduced into gardens. They have es-
caped from cultivation and have become somewhat weedy. 
The fruit of the Euphorbiaceae develops from a superior ovary which 
is three-celled and has central placentation. One or two ovules are borne 
in each cell and are suspended near the apex of the ovary. The three-
lobed dehiscent capsule may be leathery or parchment-like in texture, 
and the surface may be smooth, wrinkled, pubescent, or strigose. The 
three-branched style often remains attached to the capsule. Only one 
seed develops in a locule. In some species not all of the locules produce 
seed. 
The seeds of Euphorbiaceae considered here usually possess a caruncle 
at the apex, a raphe extending from apex to base, a coat with wrinkled 
ridges, striations, tubercles, pits or a smooth surface. Internally, these 
anatropous seeds have a centrally placed straight embryo with large fl.at 
cotyledons. The embryo is encircled by an abundant oily endosperm. 
(Fig. 8.) 
The seeds in this study can be separated taxonomically by the follow-
ing characters: shape, size, and color of the seed; surface of the seed coat; 
and type of caruncle. The capsule character, when present, is used in the 
keys as an additional aid in identification. 
1 J ournal paper No. J-1263 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project No. 86. · 
' Euphorbia virgata Waldst. & Kit. (9) . Croizat (2a) considers the phase of "E. esula" 
occurring in North America to be E. intercedens Podp. 
' Euphorbia preslii Guss. of recent manuals. 
• Euphorbia maculata L . of recent manuals. 
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29. Distribution of Acaly-
pha 
• A. rhomboidea 
6 A . gracilens 
• A. virginica 
© A. ostryaefolia 
30. Distribution of Euphor-
bia (Chamaesyce) 
• E. serpyllifolia var. 
genuina 
0 E. supina 
.& E . geyeri 
6 E. glyptosperma 
• E. serpens 
0 E. maculata 
EB E. missourica var. in-
termedia 
31. Dis tribution of Eup:ic1·-
bia (Tithymalus) 
• E. obtusata 
0 E. dictyosperma 
"' E. peplus 
6 E. cyparissias 
• E. commutata 
0 E. esula 
EB E. platyphylla 
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32. Distribution of Euphor-
bia (Poinsettia) 
• E. dentata 
0 E. heterophylla 
33. Distribution of Euphor-
bia (various) 
• E. marginata 
0 E. corollata 
I. E. hexagona 
34. Distribution of Croton 
0 C. glandulosus 
A C. monanthogynous 
D C. capitatus 
EB C. texensis 
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Twenty-seven species and varieties occur in Iowa and appear in the 
following keys. All of these are represented in the Iowa State College 
or University of Iowa Herbaria. An additional one, E. helioscopia L., is 
included in the keys, because Iowa is in the range given by the manuals 
that cover the state. 
The following species are not listed in Cratty's catalogue of Iowa 
plants (2) or the supplements (5, 6) by Hayden. An asterisk indicates 
specimens in the University of Iowa Herbarium. 
Acalypha gracilens Gray 
Rocky woody slopes along the Des Moines River near Cliffland, 
WAPELLO Co., Oct. 1, 1938, Ada Hayden 9154; Muscatine Island, MuscA-
TINE Co., Aug. 1896, F. Reppert*; Keokuk, LEE Co., July 5, 1895, B. 
Shimek. * The last cited specimen possibly represents a variety of gra-
cilens. 
Croton texensis (Klotzsch) Muell. 
Along railroad track, Front Street, Muscatine, MuscATINE Co., Sept. 
1897, F . Reppert*. 
Euphorbia platyphylla L. 
EMMET Co., Aug. 11, 1894, R. I. Cratty*. This may have been a culti-
vated specimen. The manuals give the distribution of this species as 
northeastern United States, the Great Lakes to Manitoba. 
The specimens in the Iowa State College Herbarium labelled Euphor-
bia lucida Waldst. & Kit. (2) prove to be E. esula L. So far as the writer 
knows, E. lucida does not occur in the state. 
Euphorbia dentata Michx. was first reported for Iowa by Hayden (5) . 
The following additional data add to the distributional picture. Loess 
soil along a dry roadside north of Hamburg, Fremont Co., Sept. 19, 1940, 
Ada Hayden 3937; along railroad track, Summit Bridge, Winthrop, 
Buchanan Co., Aug. 28, 1942, Margaret Murl~y 1650; dry gravelly soil, 
open ground, near Patterson, Madison Co., 1942, Kate Le Mar 94; Mus-
catine Co., Aug. 1896, W. D . Barnes 889*; Ft. Dodge, Iowa, Webster 
Co. , Oct. 3, 1904, 0. M. Oleson. 
Euphorbia geyeri Engelm. was also first reported for the state by 
Hayden (5) from Allamakee Co. One other location is reported here: 
Muscatine Island near sand mound, Muscatine Co., 1879, 1890, 1891, 
1892, 1894, F . Repp~rt*. 
Several species are infrequent in Iowa. The following are partioularly 
uncommon being represented from only one county: A. ostryaefolia 
Riddell, Euphorbia missourica Raf. var. intermedia (Engelm.) Wheeler, 
E. platyphylla, E. peplus L., E. commutata Engelm. and Croton texensis. 
The following terms are defined as used in these keys: 
Apex-the hilum end of the seed. 
Areola-a little, usually angular, space on the surface. 
Base-the chalazal end of the seed. 
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Caruncle-an excrescence covering or near the hilum being of a 
spongy, fleshy membranous or cartilaginous nature. Being fra-
gile, it is often lost and hence cannot always be used as a distin-
guishing character. 
Chalaza-the point in an ovule or seed where the integuments diverge 
from the nucellus. 
Facets-one of the sides or faces of quadrangular seeds. 
Papillose-bearing slight protuberances. 
Raphe-the ridge of an ovule extending from the hilum to the chalaza. 
In this family it appears as a ventral seam extending the length 
of the seed, ending in a concentric configuration at the base. 
Reticulate-in the form of a network. 
Striate-marked with fine ridges. 
Tuberculate-with rounded projections. 
KEY TO GENERA OF EUPHORBIACEAE 
A. Seed ovoid with a pronounced pointed apex, 1.8 mm. in average length; seed coat 
with fine to deep longitudinal striations or rugose wrinkles; capsule glabrous, strigose 
or hairy. Acalypha 
AA. Seed ovoid, ovoid-oblong, quadrangular, lenticular, turtle-shaped or sub-globose; 
seed coat with transverse wrinkles or ridges, or tuberculate, reticulate, papillose or 
smooth. 
B. Seed ovoid, oblong, quadrangular (exceptions in Euphorbia obtusata, E. dicty-
osperma., and E. platyphylla which have seeds lenticular but are 2 mm. or under 
in length), .75 to 2.7 mm. in length (except in E. marginata which have seeds 4.3 
mm. in length but possess tuberculate coats); seed coat wrinkled, ridged, tubercu-
late, reticulate, papillose or smooth; capsule glabrous, strigose, granular or 
wrinkled. Euphorbia 
BB. Seed lenticular, turtle- shaped or sub-globose, 2.8 to 4.5 mm. in length; seed 
coat almost smooth, appearing polished; capsule with stellate pubescence. 
Croton 
The genus Acalypha 
The three-valved capsule may be glabrous, strigose or spiny. In 
shape, the seeds have an ovoid contour with a pronounced pointed apex. 
The average length of the seed is 1.8 mm. The seed coat is finely to deeply 
striated longitudinally or rugosely wrinkled longitudinally. Their color 
varies from a bright red to brownish-red to grey often with silver and 
grey mottlings. The caruncle is spongy and lip-like. 
KEY TO SPECIES OF ACALYPHA 
A. Seed 1.5 to 2 mm. in length; seed coat striated longitudinally. 
B. Seed ovoid, 1.6 to 1.8 mm. in length; seed coat with fine distinct striations, fine 
cross bars (with a magnification of 30x) giving a netted appearance, coat may be 
heavily mottled, merely a few flecks of black or no mottling; capsule smooth to 
strigose. 
Acalypha rhomboidea' (Fig. 1) 
or Acalypha virginica• 
BB.Seed globose-ovoid, 1.5 to 2 mm. in length; seed coat with wavy and deeper 
striations, cross bars not as prominent, frequently mottled; capsule strigose 
Acalypha gracilens (Fig. 2) 
• Acalypha virginica L . of recent manuals. (16) No distinguishing characters could be 
found to separate the seeds of A. rhomboidea Raf. from A. virginica L. 
• Acalypha digyneia Raf. of recent manuals (16) 
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AA. Seed 1.8 to 2 mm. in length; seed coat roughened by deep wrinkled furrows ; 
capsule with scattered spines and stiff hairs. 
Acalypha ostryaefolia (Fig. 3) 
The genus Euphorbia 
The seed may be sharply angled, ovoid, ovoid-oblong or lenticular. 
In length the species in this genus range from .75 to 4 mm. An ashy to 
brown scurvy epidermis, in various stages of sloughing, covers the seed. 
This outer layer of mucilage or epidermis termed by Pammel (12), the 
outer coat, gives to many of the species a white or ashy color with the 
red, brown or otherwise colored testa showing through. If the seed coat 
is wrinkled or ridged, it is transversely so in contrast to the longitudinal 
striations of Acalypha. One exception is Euphorbia su,pina which possesses 
fine longitudinal striations on the testa. These strations are often ob-
scured by the outer seed coat with its transverse wrinkles. The three-
lobed capsule may be glabrous, strigose, granular or wrinkled. 
KEY TO SPECIES OF EUPHORBIA 
A. Seed quadrangular, sub-quadrangular to almost ovoid, lenticular or oblong, .75 to 
1.8 mm. in len gth (exception E. platyphylla 1.9 to 2 mm.) 
B. Seed sub-quadrangular with rounded edges (sometimes almost ovoid), or sharply 
quadrangular; caruncle minute or absent. 
C. Seed sub-quadrangular with rounded edges or sometimes almost ovoid, .75 to 
1.8 mm. in length. 
D. Seed sub-quadrangular, .75 to 1 mm. in length; seed coat wrinkled. 
E. Seed .75 mm. in length; seed coat with faint transverse wrinkles, unbroken 
across the facets , fine longitudinal striations sometimes visible, tannish-
white; capsule strigose. 
Euphorbia supina (Fig. 4) 
EE. Seed 1 mm. in length; seed coat with broken transverse wrinkles, lead-
grey; capsule glabrous. 
Euphorbia maculata (Fig. 5) 
DD. Seed almost ovoid, 1to1.8 mm. in length; seed coat smooth to mi:::roreticu-
late. 
F . Seed slightly angled, 1.3 to 1.8 mm. in length seed coat smooth, outer 
coat white with the orange-red testa often showing through giving a 
mottled appearance. 
G. Seed 1.3 mm. in length. 
GG. Seed 1.8 mm. in length. 
Euphorbia geyeri (Fig. 6) 
Euphorbia missourica var. 
intermedia' (Fig. 7) 
FF. Seecf obtusely angled, 1 mm. in length; seed coat microreticulate. 
Euphorbia serpens (Fig. 9) 
CC. Seed sharply quadrangular, 1 to 1.3 mm. in length; seed coat white with the 
orange to tan testa often showing through. 
H. Seed round pointed at the apex; seed coat strongly ridged trans-
versely. 
Euphorbia glyptosperma (Fig. 10) 
HH. Seed long pointed at the apex; seed coat smooth, faintly wrinkled 
or pitted. 
' Euphorbia petaloidea Engelm. of some manuals. 
Euphorbia serpyllifolia 
var. genuina (Fig. 11) 
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BB. Seed lenticular or oblong; caruncle present. 
I. Seed lenticular; seed coat smooth to reticulate. 
J. Seed 1.5 to 1.75 mm. in length; seed coat reticulate, reticulations 
form a straight line on the dorsal side similar to a seam. 
K. Seed coat faintly reticulate forming areolae but with smooth 
areas, brown; capsule possessing structures varying from 
scale-like to elongated warts. 
Euphorbia obtusata (Fig. 13) 
KK. Seed coat with distinct reticulations, areolae open and regu-
lar, purplish-brown; capsule with elongated warts. 
Euphorbia dictyosperma' (Fig. 14) 
JJ. Seed 2 mm. in length; seed coat smooth, reddish-brown, lus-
trous; capsule with depressed warts. 
Euphorbia platyphylla (Fig. 12) 
II. Seed oblong; seed coat pitted. 
K. Seed 1.5 mm. in length; seed coat with pits in rows, those on 
ventral facets nearly always elongated, color ash-grey; car-
uncle conical, white, large for size of seed; capsule lobes 
crested. 
Euphorbia peplus (Fig. 17) 
KK. Seed 1.8 mm. in length; seed coat with pits of uniform size 
and more numerous, blue-grey; caruncle thin and flattened; 
capsule lobes not crested. 
Euphorbia commutata (Fig. 18) 
AA. Seed oblong or ovoid, 2 to 2.7 mm. in length (except E. marginata which has 
seeds:4.3 mm. in length). 
' i 
L. Seed oblong; seed 2 to 2.3 mm. long; seed coat smooth or 
minutely pitted. 
M. Seed coat smooth to minutely pitted; seed possessing a 
caruncle. 
N. Seed coat smooth, frequently mottled, ashy, lead-grey, 
or orange; capsule smooth to coarsely granular. 
Euphorbia esula (Fig. 20) 
NN. Seed coat minutely pitted, never mottled; lead-grey 
to brownish-grey; capsule finely granular. 
Euphorbia cyparissias (Fig. 21) 
MM. Seed coat scurfy with slightly depressed areas, ash-grey 
to brown; seed lacking a caruncle, but possessing a cavity 
in the hilum region. 
Euphorbia corollata (Fig. 16) 
LL. Seed oblong or ovoid; seed coat furrowed, tuberculate or 
reticulate. 
P. Seed oblong, 2.5 mm. in length; seed coat !'apillose, 
yellow, with a reddish or darkened area at the base 
and apex. 
Euphorbia hexagona (Fig. 19) 
PP. Seed ovoid. 
Q. Seed 2.5 to 4.3 mm. in length; seed coat tuberculate . 
R. Seed 2.3 to 2.7 mm. in length; tubercles coarse, 
rough, high, abundant, brown to black; capsule 
glabrous. 
S. Seed sharply angular, 2.3 to 2.5 mm. in length; 
tubercles irregularly placed and on the aver-
age larger; caruncle conspicuous and some-
what 3-sided. 
Euphorbia dentata (Fig. 23) 
' Euphorbia dictyosperma Fisch. & Mey. (7) 
Euphorbia arkansana var. missouriensis Norton of some manuals. 
422 MARGARET R. MURLEY 
SS. Seed only slightly angular, 2.5 to 2.7 mm. in 
length; some of the tubercles in a transverse 
row or rows on the dorsal side of seed, car-
uncle minute or absent. 
Euphorbia heterophylla (Fig. 24) 
RR. Seed 4.3 mm. in length, possessing a wide pro-
truding ridge at the apex; tubercles not as high 
or abundant, often running into ridges, white 
to light tan; capsule pubescent. 
Euphorbia marginata (Fig. 22) 
QQ. Seed 2.2 mm. in length; seed coat with high 
sharp reticulations forming 5-sided cells, lead-
grey; caruncle broad and thin. 
Euphorbia helioscopia (Fig. 15) 
The genus Croton 
The seeds are borne in globose to oblong-ovoid capsules 4-6 mm. in 
length. The capsules may be two or three-celled and one or three-seeded, 
respectively. The stellate pubescence, distinctive of the genus, is found 
on all parts of the plant, including the capsule. The seeds may be sub-
globose, lenticular, or convex on dorsal side and with two beveled faces 
on the ventral side. In the early stages of maturity, the seed coat is striated 
to granular, and light in color. When fully mature, the seeds are lustrous, 
appearing smooth and polished, and darker in color. The position of the 
caruncle is well above the hilum leaving the latter structure in full view. 
KEY TO THE SPECIES OF CROTON 
A . Seed sub-globose or lenticular, 4 to 4.5 mm. in length; caruncle frequently ex-
tending out in peg fashion away from the seed. 
B. Seed sub-globose; seed coat almost smooth, lustrous, appearing polished, brown, 
frequently variegated. 
Croton capitatus (mature) (Fig. 25a) 
BB. Seed nearly lenticular, ventral face not as convex as dorsal face, seed coat 
finely striated to granular, lusterless, orange-tan, not variegated. 
Croton capitatus (immature) (Fig. 25b) 
AA. Seed lenticular, 2.8 to 3.8 mm. in length; caruncle compact with a circular contour. 
C. Seed 2.8 to 3 mm. in length; seed coat minutely striated to almost smooth, 
polished, dark brown, frequently mottled with red. 
Croton monanthogynous (Fig. 26) 
CC. Seed 3.5 to 3.8 mm. in length; 
D. Seed convex on dorsal side, ventral surface with two faces somewhat curved, 
3.8 mm. in length; seed coat non lustrous, frequently with a bloom, reddish-
brown, not mottled. 
Croton texensis (Fig. 27) 
DD. Seed convex on dorsal side, ventral surface with two beveled or nearly 
beveled faces, 3.5 mm. in length; seed coat highly lustrous, light brown, 
mottled with black. 
Croton glandulosus var. septentrionalis (Fig. 28) 
The writer wishes to express her thanks to Dr. R.H. Porter and Dr. 
G. J. Goodman for sympathetic assistance in carrying out the problem, 
and also her appreciation to Dr. Duane Isely for testing the keys. 
Iowa State College Seed Laboratory 
Botany and Plant Pathology Section 
Ames, Iowa 
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EXPLANATION OF FIGURES 
Drawings by George Morris 
1. Acalypha rhomboidea Raf. or Acalypha virginica L. Carpel and seed. 
2. Acalypha gracilens A. Gray. Carpel and seed. 
3. Acalypha ostryaefolia Riddell. Carpel and seed. 
4. Euphorbia supina Raf. Capsule and seed. 
5. Euphorbia maculata L. Capsule and seed. 
6. Euphorbia geyeri Engelm. Dorsal and ventral views of seed. 
7. Euphorbia missourica Raf. var. intermedia (Engelm.) Wheeler. Ven-
tral and dorsal views of seed. 
8. Representative seed. 
Longitudinal section at right angles to the fiat face. 
a. seed coat, b. endosperm, c. embryo 
Ventral view of seed. 
d. chalazl;l, e. raphe, f. caruncle 
9. Euphorbia serpens H BK. Dorsal and ventral views of seed. 
10. Euphorbia glyptosperma Engelm. Lateral and ventral views of seed. 
11. Euphorbia serpyllifolia (Pers.) var. genuina Boiss. Lateral and ven-
tral views of seed. 
12. Euphor.bia platyphylla L. Portion of capsule, seed. 
13. Euphm-bia obtusata Pursh. Ventral and dorsal views of seed, capsule. 
14. Euphorbia dictyosperma Fisch. & Mey. Ventral and dorsal views of 
seed, capsule. 
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15. Euphorbia helioscopia L . Seed. 
16. Euphorbia corollata L. Lateral view of seed. 
17. Euphorbia peplus L. Ventral and dorsal views Qf seed, capsule. 
18. Euphorbia commutata Engelm. Portion of capsule, seed. 
19. Euphorbia hexagona Nutt. Seed. 
20. Euphorbia esula L. Portion of capsule, seed. 
21. Euphorbia cyparissias L . Portion of capsule, seed. 
22. Euphorbia marginata Pursh. Capsule and seed. 
23. Euphorbia dentata Michx. Seed. 
24. Euphorbia heterophylla L. Ventral and dorsal views of seed. 
25. Croton capitatus Michx. a. Mature seed, capsule, b. immature seed. 
26. Croton monanthogynous Michx. Capsule and seed. 
27. Croton texen$is (Klotzsch) Muell. Arg. Seed. 
28. Croton glandulosus L. var. septentrionalis Muell. Arg. Seed. 
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FURTHER TOXICITY STUDIES WITH THE DOG TICK 
DERMACENTOR V ARIABILIS (SAY) 1 
ANNE H. TAUBER, C. R. JOYCE', AND OSCAR E. TAUBER 
From the Entomology and Economic Zoology Section, 
Agricultural Experiment Station, Ames, Iowa 
Received February 21, 1945 
Inasmuch as labor and transportation difficulties precluded the possi-
bility of field trials on tick control in the summer of 1943, as suggested 
by Tauber et al (3), a few further laboratory tests were performed, using 
dog ticks, Dermacentor variabilis (Say), collected locally at Ames. All 
ticks were obtained by "flagging," a method which results in little if any 
injury to the collected animals; all were adults, and none had fed in the 
adult stage. Control ticks, as well as experimental specimens after treat-
ment, were confined singly in small vials plugged with cotton and kept in 
a constant temperature cabinet at 23° ± 1° C., with a relative humidity 
of about 80 per cent. Ticks were examined at 2, 24, 48, and 72 hours. 
Although ticks frequently remain without movement for some time, 
bringing the vial close.to a warm light bulb elicited responsive movement 
from living individuals. 
When insecticides in solution or suspension were used, ticks were 
picked up individually by grasping an appendage with forceps, dipped 
momentarily in the liquid, placed on paper toweling for a few seconds, 
then confined in individual vials; or 10 ticks at a time were placed in a 
small screen wire cage, or were folded inside a thin strip of cotton, and 
held under the surface of the liquid for a known length of time, then 
r emoved and placed individually in vials. 
EXPERIMENTAL 
Rotenone. The washing or immersing of dogs in derris dip for con-
trol of ticks is recommended by Bishopp and Smith (1). They suggest 
a preparation made by adding 1 ounce of mild soap and 2 ounces of fine 
derris or cube powder containing at least 3 per cent of rotenone to 1 
gallon of warm water; such a dip would contain 0.045 per cent of rotenone. 
To test the effect on D. variabilis (Say) of rotenone dips, derris dust 
containing 5 per cent rotenone was added in various amounts to soap 
solution made by adding 0.75 grams of mild soap (Palmolive beads) to 
100 cc. of distilled water. Derris powder did not remain in suspension 
long; the liquid was stirred before each immersion of ticks. 
1 Journal Paper No. J-1264 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project No. 570. 
' Now with the U. S. Public Health Service. 
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Results of thus subjecting ticks to the action of rotenone are shown 
in Table 1. For comparison, mortality of controls is presented in Table 2. 
'!'able 2 shows that the mortality among those ticks subjected to plain 
water or soap solution dips exhibited mortality percentages not essentially 
different from entirely untreated specimens. The higher death rate fig-
ures of Table 1 must then be attributed to the action of the rotenone. 
Ticks subjected to rotenone tended to be inactive, even when response 
to heat indicated that life was unquestionably still present. Careful 
checking of each specimen was necessary; cursory examination would 
have given erroneously high percentages of mortality. 
TABLE 1 
MORTALITY OF UNFED ADULT TICKS EXPOSED TO ROTENONE IN SOAP SOLUTION 
-
-
5 Per Cent Equiva-
Derris Dust lent Per Cent Dead at 
No. of per 100 cc. Per Cent of Per Cent Duration 
Ticks Water Rotenone oap of Exposure 2 hrs. 24 hrs. 48 hrs. 72 hrs. 
---------
100 . .. . 0 . 9 gms. 0 .045% 0 .75% 2 min. (in cot-
ton) 
2 13 34 51 
50 .... 1 . 5 gms. 0 .075% " Momentary di- 0 12 46 74 
rect contact 
100 .... 1 . 5 gms. 0 .075% " 2 min. (in cot-
ton) 
0 8 27 54 
50 .... 1 . 5 gms. 0 .075% " 5 min. (in cot- 2 8 24 56 
ton) 
50 . .. . 3 . 0 gms. 0 . 15 % " Momentary di- 0 42 76 98 
rect con tact 
100 .... 6.0 gms. 0 . 3 % " 2 min. (in cot- 0 10 47 59 
ton) 
It will be noted that direct dipping of ticks resulted in higher mor-
tality than when only a thin layer of cotton surrounded the specimen. 
Neither increasing the concentration of rotenone from 0.045 per cent to 
0.3 per cent nor increasing the length of exposure from 2 to 5 minutes 
was effective in significantly increasing mortality. The reasons for this 
difference in results of treatment seem obscure. The folding in cotton 
procedure was used in an attempt to approach, even remotely, the posi-
tion of a tick under a thick mat of hair, as found on some breeds of dogs. 
Just how long a time different dog owners or handlers would give to 
washing or dipping a dog in the recommended rotenone treatment (1) is 
a matter of guesswork. However, the present experiments indicate that 
Bishopp and Smith's suggestions regarding rubbing the dip into the fur 
and allowing the fluid to dry on the animal are well worth following 
for the reason that the 0.045 per cent rotenone-equivalent preparation 
seems to be down near the level where its effectiveness toward dog ticks 
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may be negligible if carelessly or improperly applied. It should be pointed 
out also that the suspended particles settle out rapidly, and care should 
be taken to keep the rotenone-soap preparation well agitated while in use. 
Nicotine sulfate. According to Bishopp and Smith (1), tick-infested 
vegetation is rendered relatively free of ticks for about 3 days by spray-
ing the plants with a solution composed of 1 part nicotine sulfate (40 per 
cent nicotine), 1 part soap, and 288 parts water. Strong (2) also reports 
nicotine sulfate sprays to be effective in controlling the American dog 
tick, with a 90 per cent reduction apparent 24 hours after applying the 
spray. 
In the series of tests here described, various amounts of 40 per cent 
nicotine sulfate were added either to distilled water or to mild soap 
solutions. American dog ticks confined in small wire cages were then 
TABLE 2 
MORTALITY OF CONTROL UNFED ADULT TICKS, UNTREATED, OR EXPOSED TO 
WATER OR SOAP SOLUTION 
No. of 
Ticks 
280 
so 
100 
so 
so 
Treatment 2 hrs . 24 hrs. 48 hrs. 72 hrs . 
Untreated. . .. . . . . . . . . . . . . . .. .. . . . . 0 1 2 4 
Dipped momentarily in water . . . . . . . . 0 0 0 6 
Dipped in water for 2 min. in screen 
cage. . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 1 1 1 
Dipped for 2 min. in 0.7S% soap solu-
tion, in cotton . . . . . . . . . . . . . . . . . . 0 0 0 4 
Dipped for 2 min. in 0.75% soap solu-
tion, in screen cage. . . . . .. . . . .. . . 0 0 0 2 
immersed in the solution, as described above. Also, 320-mesh dusting 
sulfur was impregnated with nicotine sulfate by dissolving the latter in 
absolute alcohol and mixing the resulting solution thoroughly into the 
sulfur, which was then dried and screened. This powder was dusted over 
ticks confined in a tall bell jar dusting tower (3) . Results from these two 
types of tests are given in Table 3. Reference to Table 2 will show the 
comparison of mortality of these experimental ticks with controls. 
Nicotine sulfate appears to act more rapidly than does rotenone and 
to be more effective as a dip than as a dust. The 0.138 per cent spray is 
equivalent to the mixture suggested by Bishopp and Smith (1). Appar-
ently it would be effective as a tickicide if the pests can be given a thor-
ough wetting during the application of the spray. 
Miscellaneous compounds. Commercial grade sodium silicofluoride 
(du Pont), 30 per cent micronized crystox dust (Shell Oil), and a dust 
composed of 19 parts exhausted pyrethrum flowers and 1 part Dow.icicle 
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TABLE 3 
MORTALITY OF UNFED ADULT TICKS EXPOSED TO NICOTINE SULFATE 
Equiva-
lent 
Per Cent Per Cent Dead at 
No. of of 
Ticks Chemical Nicotine Treatment 2 hrs. 24 hrs. 48 hrs. 72 hrs. 
---------
100 0 . 1673 nicotine sulfate 0 .0693 Dipped for 2 79 83 86 88 
(403), min. in 
1 . 03 soap, in water screen cage 
100 0. 33 3 nicotine sulfate 
(403), 
0 . 1383 " 87 98 98 98 
1 . 03 soap, in water 
100 5. 0 3 nicotine sulfate 2 . 0 3 " 100 ..... . . . . . . . .. . . . . (403), in water 
so Sulfur, io/oregnated 2.0 3 2 gms. dusted 44 ~2 58 60 
with 5 0 nicotine in tower 
sulfate (403) 
(Penick) were found relatively ineffective in killing ticks when used in 
a dusting tower as described above. 
SUMMARY AND CONCLUSIONS 
1. Unfed adults of the American dog tick D. variabilis (Say) dipped 
directly into suspensions containing less than 1 per cent of rotenone 
showed a high mortality. The lethal effects did not appear promptly; 
none of the ticks had died 2 hours after exposure to 0.075 per cent or 0.15 
per cent rotenone dips. Such effects were well evidenced, however, 3 
days after treatment, with 74 and 98 per cent mortalities. Untreated con-
trols exhibited only 4 per cent mortality in the same period. 
2. The protection afforded by the fibers of even a ' very thin layer of 
cotton appeared to lessen the effectiveness of the rotenone against ticks, 
even with longer exposures than tliat afforded by momentary direct dip-
ping. Whereas the latter treatment, with a 0.075 per cent suspension, 
resulted in 74 per cent mortality after 3 days, the former produced, with 
the same strength of solution, only 54 per cent mortality for 2 minutes of 
exposure, and 56 per cent for 5 minutes 3 days after treatment. It is sug-
gested that the hair of dogs might also offer protection to ticks harbored 
during rotenone dip treatments, unless the suspension is rubbed into the 
coat. 
3. Nicotine in equally low concentrations in water appeared to be 
highly effective in killing American dog ticks and to a~t more rapidly 
than did rotenone. Seventy-nine per cent of the ticks held for 2 minutes 
in a 0.069 per cent nicotine solution were dead at the end of 2 hours. All 
those similarly treated with a 2 per cent nicotine solution died within 2 
hours. 
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4. Ticks were more susceptible to equivalent amounts of nicotine in 
dips than in impregnated sulfur dusts. 
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COMPARATIVE STUDIES OF SOME PERITRICHOUS 
PHYTOPATHOGENIC BACTERIA1 
E. L. WALDEE2 
From the Botany and Plant Pathology Section, Iowa Agricultural Experiment Station 
Received March 12, 1945 
Classification of the bacterial plant pathogens, more than three decades 
a topic of lively debate, has undergone drastic changes in recent years. 
A vast literature covering intensive studies on various groups of bacteria 
of importance to public health, disease, preservation of food, and certain 
manufacturing processes, has provided a mass of data which showed the 
older systems of bacterial classification inadequate. Subsequently the 
classification schemes of Lehmann and Neumann (1896) and Migula 
(1900) , which were used by plant pathologists, were discarded by Ameri-
can bacteriologists, and a concerted effort to devise a more inclusive system 
was undertaken. Important contributions to this end were made by 
Buchanan (1916-1918), Winslow et al. (1917, 1920), and Bergey (1923), 
whose Manual of Determinative Bacteriology marked the culmination of 
these efforts. The disposition of the bacterial plant pathogens in Bergey's 
classification was discussed by Burkholder (1930, 1939). The European 
taxonomic ideas concerning the plant pathogens were ably presented by 
Stapp (1935) and Dowson (1939). 
In the process of revising the classification of the bacterial plant 
pathogens, unfortunately, considerable confusion arose; many commonly 
used generic names carried more than one connotation, depending upon 
which system was followed. Despite the efforts of Erwin F. Smith (1905) 
and Buchanan (1916-1918) to place bacterial nomenclature on a more 
sound basis, progress in clearing up the confusion has been, for the most 
part, disappointing. The practical inadequacies of all systems of bacterial 
classification have been brought into sharp focus by the critical reviews 
of Breed (1928), Rahn et al. (1929), Kluyver and van Niel (1936), Dow-
son (1939), Elliott (1943), and many others. 
The present study was initiated in 1937 to investigate the relationships 
of the peritrichous plant pathogens to other bacteria with the thought that 
perhaps a more reliable basis for their classification and nomenclature 
might be devised. The study was conducted with 78 isolates of as many 
species of peritrichous bacterial plant pathogens as could be collected 
1 Journal Paper No. J-1268 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 680. Taken from a dissertation submitted to the graduate faculty 
of Iowa State College in partial fulfillment of the requirements for the degree, Doctor 
of Philosophy. Doctoral thesis No. 699. 
• The writer expresses his appreciation to Drs. I. E. Melhus, G. C. Kent, and G. J. 
Goodman for generous assistance and valuable counsel during the course of the in-
vestigations and in the preparation of the manuscript. 
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from various sources. These isolates, together with a few nonmotile patho-
gens, were studied comparatively with cultures of allegedly closely related 
nonpathogenic species. 
ORIGIN AND PATIIOGENICITY OF CULTURES 
The cultures used in the study were obtained from type culture col-
lections and individual workers in many parts of the world. Whenever 
possible, type cultures of each species were obtained. Before the studies 
were begun, the cultures were purified by plating several times and their 
pathogenicity or identity determined. Unless the identity of a culture 
could be established beyond doubt it was discarded. This purification of 
cultures was important, because in some instances cultures exhibiting un-
usual reactions were found to be mixtures of two or more organisms, one 
the true pathogen and the others nonpathogenic contaminants. In other 
instances cultures were simply incorrectly identified. For example, a 
number of nonpathogenic strains of coliform bacteria were received un-
der the labels of Erwinia carotovora and E. phyt<Yphthora. 
Table 1 contains a brief summary of the available information con-
cerning the cultures included in the study; their species designation when 
received; their origin and the symptomatic responses when inoculated into 
various host materials. The isolates were taken from a wide range of host 
plants in widely scattered localities. Represented in the study were type 
cultures of Erwinia salicis (No. 80), E. lathyri (No. 29), E. carotovora 
(No. 20), E. phyt<Yphthora (No. 23), E. aroideae (No. 24), and E. meLonis 
(No. 25). The culture received as the type of E. solanisapra (EP) was 
identified as a strain of Aerobacter aerogenes. Some of the type cultures 
were isolated by the workers who named the species in question, and 
throughout the study these cultures retained most of the distinguishing 
characteristics described some 30 or 40 years ago. 
All the cultures of Erwinia amylovora, except culture No. C-77s, pro-
duced characteristic symptoms on succulent apple twigs and green pear 
fruits. The nonpathogenic strain exhibited characteristic laboratory re-
actions which were accepted as proof of its identity. Isolates of E. tra-
cheiphila always produced characteristic wilt symptoms in curcurbit plants 
within 10 days after inoculation. The three strains of E. salicis were not 
tested on Salix species, but their identity was satisfactorily established 
by noting their characteristic production of a lemon yellow pigment in 
potato media. 
Forty-two cultures of "soft-rot" bacteria, bearing six species names, 
together with several unnamed strains were studied. Organisms isolated 
locally were assigned tentative species designations. With the exception 
of cultures W48, W51, W53, CAl, CA2, P4, EP, and 496, all of the "soft-rot" 
cultures exhibited various degrees of pathogenicity when introduced into 
raw carrot slices, potato tubers, and potato stems. The symptomatic re-
sponse always was pectolytic in nature. 
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Most of the nine cultures of E. dissolvens studied exhibited a rather 
doubtful pathogenicity on corn plants but were satisfactorily identified by 
their cultural reactions. 
The two cultures of E. lathyri (Nos. 28 and 29) were nonpathogenic 
on all host plants tested and are probably not the same species described 
by Manns (1915) . The culture of E. ananas (No. 101) was acquired only 
a short time before the study was terminated and was not tested on the 
host of its origin, the pineapple. 
The identities of the coliform cultures (Escherichia coli, E. freundii, 
Aerobacter aerogenes, and A. cloacae), Serratia marescens, and Proteus 
vulgaris were established by their characteristic reactions in appropriate 
cultural media. · 
CROSS INOCULATION STUDIES 
The most satisfactory method for conducting the crossinoculations 
was by hypodermically introducing a bacterial cell suspension obtained 
by washing the bacteria from a 2- or 3 ... day-old agar culture in 20 cc. of 
distilled water into actively growing plants in the greenhouse. The inocu-
lations were repeated from one to six times. 
The fruits and vegetables were inoculated hypodermically and incu-
bated in .moist chambers at room temperatures (26 ± 2°C.). Raw carrot 
slices were placed in petri dishes containing two layers of water-soaked 
filter paper and inoculated by placing a loopful of bacterial suspension in 
a drop of water on the top of each carrot slice. No organism was considered 
a "soft-rot" organism unless it caused a visible softening of the carrot 
slices within 48 hours. Such organisms will be referred to as the "pecto-
lytic bacteria" throughout this paper. Any softening appearing after 48 
hours was considered to be due to fermentation processes rather than 
exoenzymatic pectolysis. Such softening seldom was observed. 
The results of the crossinoculations, summarized in Table 1, show a 
tendency toward obtaining successful inoculations most often from the 
hosts related to those from which the cultures were isolated. The pecto-
lytic bacteria exhibited a much wider host range than did Erwinia amylo-
vora and E. tracheiphila. 
The various isolates of pectolytic bacteria showed rather wide and 
constant differences in their ability to invade the stems and leaves of 
potato, tobacco, and cucumber plants. The relative virulence and sympto-
matic responses exhibited by the various strains usually were found to be 
fairly reliable distinguishing characteristics which proved to be valuable 
aids in differentiating species. For example, in almost every trial, culture 
No. 20 was noticeably less virulent than culture No. 24. In general, the 
gas-forming strains were not as virulent as the nongas-formers. 
With potato plants there appeared to be a definite tendency for some 
isolates to produce blackleg symptoms as a characteristic reaction, whereas 
other isolates never were observed to produce the blackening typical of 
the disease. These differences were not correlated with virulence. Some 
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of the nonblackleg-forming cultures exhibited extraordinary virulence, 
frequently killing the plant with 3 or 4 days. Cultures producing blackleg 
symptoms often failed to kill the plant by the end of 3 weeks after inocu-
lation. In the light of these observations and the reports found in the 
literature, it is strongly suspected that E. solanisapra, studied by the 
workers in England and by Stapp in Germany, may have been a similar 
nonblackleg-forming pectolytic organism of high virulence for potato 
stems. 
Several cultures received as strains of E. carotovora (W48, W51, W52, 
W53, CAl, CA2), E. phytophthora (P4, 496) , and E. solanisapra (EP) were 
found to be nonpathogenic on all the host plants tested and, except for 
culture, No. 496, were identified as members of the coliform bacteria. These 
so-called nonpathogenic pathogens were retained for study in order to 
determine simple methods for distinguishing the true from the contami-
nating cultures. 
The cultures of corn stalk-rot bacteria (E. dissolvens) were found to 
be so slightly pathogenic on corn plants that for a time it was thought that 
they should probably be considered nonpathogenic contaminants. Cul-
ture W71, however, produced restricted watersoaked lesions in the midribs 
of the leaves of four out of seven corn plants inoculated. Later, culture 
No. 100 was found to have a noticeable degree of virulence when it was 
first received, but in later inoculation trials its pathogenicity was appar-
ently lost. Since the purification procedure revealed the presence of only 
one type of colony, the loss of pathogenicity could not be attributed to a 
contaminant overrunning the organism in question. Stanley (1938) and 
Elrod (1941) , who conducted studies with these same isolates, believed 
that the corn stalk-rot bacteria might belong to the pectolytic bacteria, 
which were considered to be strains of coliform organisms. That this is 
not the case is evident from the results of the crossinoculations recorded 
in Table 1 and also from Rosen's (1926) original description of Bacterium 
dissolvens and Jones' (1901) description of Bacillus carotovorus. 
In none of the crossinoculation studies did Aerobacter aerogenes, A. 
cloacae, Escherichia coli, E. freundii , Serratia marcescens, or Proteus vul-
garis produce visible evidence of ability to invade living plant tissues. 
These observations are considered evidence that the contention that species 
of Erwinia are strains of coliform bacteria is untenable. 
The crossinoculation studies indicated first that Erwinia amylovora 
and E. tracheiphila are highly host specific; secondly, that the pectolytic 
organisms are able to attack a relatively wide range of host plants by 
virtue of their propectinase activity; thirdly, that the virulence of the 
pectolytic bacteria on potato plants is not correlated with their ability to 
produce blackleg symptoms; fourthly, that cultures designated as "non-
pathogenic soft-rot or blackleg bacteria" usually are readily identified as 
coliform organisms; fifthly , that the corn stalk-rot organisms are not pecto-
lytic bacteria; and sixthly, that the yellow organisms received as E. lathyri 
(Nos. 28, 29) are in all probability not the same as the organism described 
by Manns (1915) . 
Culture 
No. 
31 . . ...... . 
32 ........ . 
33 .... . 
34 .. .. . . 
35 . ...... . 
36 .. ... . 
37 ....... -
82 ... .... . 
83 .: .. . . • .. 
84 .. .. . ... . 
85 . . .... . . . 
86 ....... . 
C-SC ..... . 
C-77s ... . . . 
C-50 ... . 
C-501 . . . .. . 
C-507 ... .. . 
C-55 .... .. . 
C-55 .2 .. 
C-64 . .. ... . 
94 .... . .. . 
95 ....... . 
96 .. ... . . 
79 .. ... . . . . 
80 .. .. . ... . 
81 . ....... . 
28 ........ . 
29 .... . . . 
101 .... -
17 ..... . .. . 
18 ...... . . . 
M60 ...... . 
19 ........ . 
M12 ..... . 
20 ........ . 
21 ... . . . .. . 
22 . ..... .. . 
23 . ...... . . 
24 . .. .. . .. . 
25 ........ . 
26 ........ . 
27 ... . 
75 ...... . . . 
MlO . 
M81 . ..... . 
Kl ..... •.. 
K2 ... .. .. . 
cs .... .... . 
C10 . ...... . 
Cl 1 . ..... . . 
C12 . . . .... . 
Wl . . . . .. . 
W2 ....... . 
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TABLE 1 
ORIGIN OF CULTURES, DESIGNATION WHEN RECEIVED, AND SYMPTOMATIC RESPONSES WITH VARIOUS SELECTED HosT MATERIALS 
Designation 
When Received 
Erwinia amy lovora 
" " 
" " 
Erw inia amylovora 
" " 
" 
" 
Erw inia amy lovora 
" " 
" 
" 
Erwinia amy lovora 
" " 
" " 
Erwinia tracheiphila 
" " 
" 
Erwinia salicis 
" " 
" 
Erwinia lathyri 
" " 
" ananas 
Erwinia carotovora 
" 
" 
" 
" 
Erw inia carotovora 
" aroideae 
" 
phytophthora 
aroideae 
melonis 
Erwinia aroideae 
" 
" carotovora 
aroideae 
" 
Erwinia phytophthora 
" carotovora 
" aroideae 
carotovora 
aroideae 
Received From* 
E . M . Hildebrand 
" " " 
" " 
" " 
G. C. Kent 
A. J. Riker 
" " u 
Local isolate 
" 
G. C. Kent 
" " " 
P.A. Ark 
" " 
" " 
P.A. Ark 
,, " 
Reisolate of C-55 
P.A. Ark 
S. Doolittle 
" " " 
" " 
W.J. Dowson 
" " " 
" " 
W . .J. Dowson 
Nat. Type Cult. Col. 
R. P. Elrod 
J. G. Leach 
G. L. M cNew (B60) 
" " " " (B12) 
" " " " 
A.T.C.C. (No. 495) 
J . G . Leach • 
R eisolate of K2 
A.T.C.C. (No. 496) 
A.T.C.C. (No. 494) 
A.T.C.C. (No. 920) 
R . P. Elrod 
R. P. Elrod 
Local isolate 
G. L. M cNew (B10) 
" " " (B81 ) 
E. M. Johnson 
" " " 
P.A. Ark 
" " " 
E. A. Martin 
" 
Source 
Fruit rot 
Canker exudate 
Blossom blight 
Twig blight 
" " 
" 
Twig blight 
" " 
Fruit inoculation 
Fire blight 
Wilt 
Watermark 
" 
" 
Diseased insects 
Brown frui tlet rot 
Blackleg 
" 
Soft-rot 
Blackleg 
Carrot inoculation 
Blackleg 
Corm decay 
Soft-rot 
Soft-rot 
Corm decay 
Soft-rot 
Blackleg 
" 
Bacterial blight 
Soft-rot 
Fruit rot 
Blackleg 
Origin of Cultures 
Host 
Green crab 
Jonathan 
Dudley 
" 
Pyrus serotina 
" communls 
Crataegus monogyna 
Wealthy 
Yellow transparent 
Pyrus communis 
" malus 
Pyracantha angustijolia 
Crataegus oxyacantha 
" crus-galli 
Pyracantha angustifolia 
Pyrus communis 
Photinia arbutifolia 
Cucumber 
" 
Salix alba 
" coerulea 
" fragilis 
A phis 
Pineapple 
Potato 
Carrot 
" 
Potato 
Carrot 
Potato 
Calla 
Turnip 
Carrot 
Cyclamen 
Carrot 
Brassica petsai 
Tobacco 
Larkspur 
Carrot 
Squash 
Potato 
Place 
Iowa 
Wisconsin 
" 
Iowa 
" 
Iowa 
" 
S. Carolina 
California 
New York 
" 
California 
Iowa 
California 
Maryland 
" 
England 
" 
" 
England 
" 
Malaya 
Minnesota 
New Jersey 
" " 
Vermont 
Minnesota 
Iowa 
Germany 
Maryland 
New Zealand 
Rhode Island 
Iowa ' 
New Jersey 
Japan 
Kentucky 
" 
California 
" 
Minnesota 
" 
Date 
Isolated 
1939 
1932 
1932 
1938 
1938 
1938 
1940 
1940 
1935 
1915 
1929 
1931 
1931 
1932 
1940 
1937' 
1937 
1937 
1938 
1935 
1935 
1898 
1940 
Before 1906 
1912 
Before 1926 
1938 
1937 
1935 
1931 
1937 
1938 
1936 
1937 
1937 
Green 
Pear 
3Z 
2 
1 
1 
3Z 
3Z 
3Z 
3Z 
3Z 
3Z 
3Z 
3Z 
2 
0 
1 
1 
0 
3Z 
3Z 
3Z 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Apple 
Twig 
2 
2 
2 
1 
3 
2 
3 
3 
3 
2 
3 
3 
1 
0 
1 
1 
1 
3 
3 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Symptomatic Responses With Selected Hosts t 
Cucumber 
Plant 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3W 
3W 
3W 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
2 
0 
1 
Carrot 
Slices 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
3 
3 
3 
3 
2 
2 
3 
2 
3 
3 
2 
3 
3 
3 
2 
3 
3 
2 
3 
3 
2 
3 
2 
Tobacco 
Plants 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
2 
2 
3 
1 
3 
3 
3 
2 
3 
3 
2 
2 
3 
2 
1 
1 
Corn 
Plants 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Potato 
Tuber Plants 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
2 
2 
3 
3 
2 
3 
3 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
1 
2 
3 
2 
3 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
g I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
3B 
2B 
3B 
2B 
3B 
1B 
3B 
3B 
1 
3B 
1 
1 
2B 
1B 
1 
1B 
1 
~~~~~-1-~~~~~~~~-1-~~~~~~~~~-1-~~~~~~~~-1-~~~~~~~~-~1-~~~~~~·1-~~~~~1~~·~~--~~~--~--~~·1-~~~~1~~~~-1-~~~~-1-~~~~-1-~~~~ 
W3 . .. . ' · . . 
W13 ... . . . . 
W20 .. . ... . 
W38 . ... . . . 
W42 ...... . 
:W120 . . ... . 
106 ..... . . . 
tto7 ... . ... . 
ttos .......• 
~09 ....... . 
tt10 ..... . . 
~ 11. ...... . 
112 .. . 
W48 ... . . . . 
1Wst. . . ... . 
1Ws2 ... .. . . 
W53 .. _ ... . 
CA1 ... . .. . 
CAZ .... . . . 
EP . ...... . 
P4 . . . . 
496 . . . 
i'\"4t .. 
IVS ... _ 
rV6 t ...... . 
~7 . ..... . 
V68 ...... . 
V70 ... . 
f/71 .. 
f/119 .. 
po ... 
:J1 ..... ' .. 
)2 .... . .. . 
)3 .. . .. . . . 
)4 . . . . 
Erwinia atroseptica 
Erw inia aroideae 
" " 
" " 
" " 
" 
" " 
Erw inia carotovora 
" " 
" 
" 
solanisapra 
phy tophthora 
" 
Erwinia dissolvens 
Stalk-rot organism 
" " 
" ,, 
Erw inia dissolvens 
Stalk-rot organism 
" " 
" 
Aerobacter aerogenes 
" cloacae 
Escherichia coli 
freundii 
E. A. Martin 
" " " 
" " 
" " 
" " 
R. P . Elrod 
Local isolate 
" " 
R . Rustigian 
" " 
E. A. Martin 
" " " 
" " 
R. P. Elrod 
" ,, " 
" " 
Cl " 
R . Rustigian 
E. A. Martin 
" " 
" " " 
j( " 
" " 
U llstrun 
C. H. Werkman 
" " jj 
C . H. Werkman 
" " 
Blackleg 
Soft-rot 
Soft-rot 
Fruit rot 
Blackleg 
Tuber rot 
" " (See No. 24) 
Soft-rot 
Tuber rot 
(See No. 23) 
Stalk rot 
" 
" 
" 
" 
Soil 
Sewage 
Urinary tract 
Canal water 
Potato 
Canna 
Potato 
Turnip 
Pe Tsai 
Potato 
Pumpkin 
Potato 
" 
Carrot 
Potato 
Potato 
" 
" 
" 
Man 
West Virginia 
" " 
" 
Japan 
West Virginia 
California 
Iowa 
" 
Rhode Island 
Illinois 
" 
" 
" 
" 
Brazil 
Ohio 
' ....... . 
West Viq~inia 
" " 
West Viri<inia 
" " 
Indiana 
Holland 
)5 ....... . 
)6 ....... . 
Serratia marcescens 
Proteus vulgaris : : : : : : : : : : : : : : : : : : : :I: : : : : : : : : : : : : : M. Levine " " 
* The generosity of the many individuals who contributed cultures used in this study is gratefully ack-
owledged. 
t Scale for estimate of infection : 
0 = no visible symptoms 
1 = slight infection 
2 = moderate infection 
3 = severe infection 
. . = not determined 
Z =ooze 
W =wilt 
B =blackleg 
t Two cultures of Isolates No. W4 and W6 were used. 
1932 
1932 
1932 
1933 
1938 
1940 
1940 
1940 
1938 
1938 
Before 1928 
1939 
1931 
1931 
1931 
1931 
1932 
1932 
1940 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
3 
3 
3 
3 
2 
3 
3 
3 
3 
2 
3 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
2 
1 
3 
0 
0 
0 
0 
0 
2 
3 
2 
2 
3 
2 
3 
3 
3 
3 
1 
3 
3 
' 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
2B 
2B 
1B 
3B 
3B 
3B 
3B 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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CULTURAL STUDIES 
MORPHOLOGY AND STAINING REACTIONS 
Motility: Motility of the cultures was determined by the hanging 
drop and semi-solid agar methods (Tittsler and Sandholzer, 1936). Two 
to 3-day-old broth cultures were used for hanging drop examination and 
for the inoculation of the semisolid agar tubes. The semisolid agar stab 
cultures were examined 24, 48, and 72 hours after inoculation for evidence 
of motility. All of the isolates of E. amylovora, E. salicis, E. tracheiphila, 
E. lathyri, and E. ananas were found to be actively motile by both methods 
of examination. Most of the pectolytic isolates were found to be motile, 
but a few of the organisms failed to exhibit motility on some occasions. 
The matter of motility, or lack of it, of these isolates was not studied fur-
ther. Of the corn stalk-rot organisms only cultures No. W71 and 100 
were found to be nonmotile. Discrepancies of this sort were noted 
by Rosen (1922, 1926) ' for these bacteria. Serratia marcescens, Aerobac-
ter cloacae, Escherichia coli, and E. freundii were motile, whereas Aero-
bacter aerogenes and Proteus vulgaris were not. 
Flagellation: Flagella stains were made on only a few isolates. The 
Casares-Gil (Plimmer and Paine, 1921) and Leifson (1930) methods were 
used. Smears of cultures Nos. 20, 28, 36, 75, 79 and 81 showed unmistak-
able peritrichous flagella two to three times the length of the somatic cell, 
varying in number from four to eight. It was not thought worthwhile to 
pursue this aspect further, since the flagellation of this group of bacteria 
is well established, and also because flagellation is of secondary importance 
in making the comparisons with the other bacteria studied. 
Form and size: Observations on form, size, etc. , of the isolates were 
made on smears stained with the gram and acid-fast stains. The cells of 
all the isolates had rounded ends and were of uniform shape. All cells 
were rod-shaped, although some strains had cells so short as to appear 
almost coccoid. Rather marked differences in length were observed among 
the various strains of a given species. Detailed measurements were not 
made on all the isolates, since Ark's (1937) work with Erwinia amylovora 
and Stapp's (1928) painstaking studies on the blackleg and soft-rot organ-
isms seemed to be adequately confirmed by the observations made. More-
over, it was noted that the size of the cells of a single culture varied widely 
from one time to the next; bearing out the observations reported by others 
that cell size of a strain of bacteria is markedly influenced by the medium 
and conditions under which it was cultured, and is, therefore, not a par-
ticularly satisfactory character to use in classification. 
The isolates of E. tracheiphila were conspicuous in that the cells were 
considerably longer than those of the other bacteria studied, being two to 
five times as long as they were wide. 
Gram stain: The gram staining was done by Buchanan's anilin gentian 
violet method (Levine, 1933) and Reed's rapid gram stain (Racicot, et al., 
1938). All of the organisms studied were Gram-negative by both methods. 
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Smears of Bacillus subtilis stained at the same time were always Gram-
positive. 
Acid-fast stain: The acid-fast staining was carried out using the 
Ziehl-Neelson method described in the S.A.B. Manual of Methods (1936). 
None of the organisms was found to be acid-fast. Mycobacterium phlei 
(Moeller) Bergey preparations stained at the same time were invariably 
acid-fast. 
Spore formation: No evidence of endospore formation was obtained 
in any of the cultures of bacteria included in the study. 
PHYSIOLOGY AND FERMENTATION REACTIONS 
Detailed descriptions were not worked out from the growth character-
istics of all the cultures. Only those strikingly distinguishing characters 
noted from time to time in routine culture media were recorded. 
Nutrient agar slants: The pectolytic bacteria produced a rather more 
copious growth than did Erwinia amylovora, E. sali&i, and E. tracheiphila. 
But none of these bacteria grew as luxuriantly as the coliform bacteria 
and the corn stalk-rot organisms. Except for E. lathyri, E. ananas, and 
Serratia marcescens, all the bacteria produced greyish-white to cream-
colored growths on nutrient agar slants. Erwinia lathyri and E. ananas 
were yellow; Serratia marcescens was red. None of the cultures was ob-
served to produce diffusible pigments in the agar. All the bacteria, except 
Erwinia tracheiphila, which always produced a slimy growth, produced 
growths of butyrous consistency. In all the cultures studied, the surface 
of the growth was smooth, and dull to shining by reflected light. The 
smooth-rough phases, although appearing from time to time, were not 
studied in detail. 
Potato dextrose agar slants: All of the cultures grew much more 
luxuriantly on potato dextrose agar slants than on nutrient agar. E. amy-
lovora grew rapidly but tended to die after 6 to 7 days on this enriched 
medium. A characteristic lemon yellow pigment produced by E. salicis on 
potato dextrose agar was a very convenient diagnostic character. E. tra-
cheiphila grew more luxuriantly and was cultured much more easily on 
this medium than on nutrient agar. 
The corn stalk-rot and coliform bacteria produced luxuriant growths 
and usually produced gas in amounts sufficient to cause great cracks to 
form in the butts of the slants. The pectolytic bacteria likewise grew 
luxuriantly but did not produce gas in amounts sufficient to crack the agar. 
Bouillon: In bouillon and other liquid culture media, while wide dif-
ferences in turbidity, sedimentation and pellicle formation were observed 
among the various cultures, these differences had no value in distinguish-
ing the various species in question. ',I'he cultural characters in bouillon 
were found to be typical of the reactions described for the species by 
other workers. 
Eosin-methylene blue and Endo agar plate cultures: To determine 
whether the bacteria studied exhibited growth characters typical of the 
coliform organisms, platings were made on Levine's eosin-methylene blue 
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agar and Endo agar plates. The plates were examined 48 hours and 1 week 
after inoculation. 
E. amylovora produced very small, white to pale pink colonies 1 to 
4 mm. in diameter, which did not in the least resemble those of the coliform 
bacteria. E. salicis grew poorly on these media, producing pin-point 
colonies that resembled those of E. amylovora. In three trials E. trachei-
phila failed to grow on these media. · 
The pectolytic bacteria produced colonies that were usually smaller 
than those of the coliform bacteria but produced the metallic sheen char-
acteristic of the Escherichia species, never shiny as were the Aerotobacter 
colonies. In general appearance the colonies of the pectolytic bacteria 
did not closely resemble those of either section of the coliform bacteria, 
however. The corn stalk-rot organism produced colony types that were 
identical with those of Aerobacter aerogenes and A. cloacae. 
The "nonpathogenic soft-rot and blackleg" bacteria produced colony 
types typical of Aerobacter and the "intermediate" sections of the coli-
form bacteria. Erwinia lathyri and E. ananas were not grown on E.M.B. 
and Endo agar plate cultures. 
Reduction of Nitrates: Reduction of nitrates has been in use as a 
bacteriological test for many years. With due consideration of the many 
difficulties incident to the effective use of the nitrate-reduction tests 
pointed out by Conn (1936) , the behavior of the plant pathogens with 
respect to nitrates was considered of fundamental importance in this 
study. Buchanan (1916-1918) used nitrogen metabolism to a considerable 
extent as the basis for establishing his major taxonomic categories. The 
value of nitrogen metabolism as a fundamental criterion in the classifica-
tion of bacteria was emphasized by Knight (1938) . Kent (1942) reported 
that E. amylovora, E. salicis, and E. tracheiphila, three nonnitrate-reducing 
organisms, were unable to sustain visible growth in media containing in-
organic nitrogen compounds when included with an appropriate carbon 
source. 
In several trials E. amylovora, E. tracheiphila, E. salicis, and E. ananas 
did not reduce nitrates. All the isolates of pectolytic bacteria, the coli-
form bacteria, the corn stalk-rot bacteria, Serratia marcescens, and 
Proteus vulgaris reduced nitrates to nitrites without formation of visible 
gas. 
Production of Hydrogen Sulphide: In the present study the ability 
of the phytopathogenic bacteria to produce hydrogen sulphide was de-
termined by growing the organisms in two media, namely, the proteose 
peptone-ferric citrate agar medium of Levine et al. (1932) and a liquid 
medium of the same composition, except that the ferric citrate and agar 
were omitted. Lead acetate-impregnated paper strips were suspended 
over the liquid cultures as hydrogen sulphide indicators. The cultures 
were examined 1, 2, 7, and 14 days following incubation. The following 
arbitrary measure of hydrogen sulphide production was found to be useful: 
0 = no blackening in either medium. 
1 = slight blackening of lead acetate paper after 2 days; none in agar. 
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2 = marked blackening of lead acetate paper the first day; none in 
agar. 
3 = marked blackening of both lead acetate paper and agar the first 
day. 
The summarized results of the hydrogen sulphide studies are pre-
sented in Table 2. Erwinia amylovora, E. tracheiphila, and E. salicis failed 
to produce hydrogen sulphide in quantities sufficient to blacken lead ace-
tate papers during the period of incubation. E. salicis tended to turn the 
lead acetate papers yellow after several days, but the reaction was so 
slight that it was considered to be negative. All the isolates of E. lathyri, 
the pectolytic bacteria, the corn stalk-rot bacteria, and the coliform bac-
teria (Escherichia freundii excepted) produced hydrogen sulphide suffi-
cient to blacken the indicator strip suspended over the liquid medium but 
not sufficient to blacken the agar medium. E. freundii produced blacken-
ing in the ferric citrate agar. 
These results indicate that Erwinia amylovora, E. tracheiphila, and E. 
salicis apparently lack the mechanism present in the other bacteria studied 
for releasing hydrogen sulphide from the proteoses. With due considera-
tion given to the composition of the medium and to the technique used in 
detecting the presence of hydrogen sulphide, this reaction appears to have 
considerable taxonomic merit. The pectolytic and corn stalk-rot bacteria 
produced hydrogen sulphide in amounts similar to the coliform bacteria. 
Litmus Milk Reactions: Litmus milk cultures were incubated 30 days 
and observations made 1, 2, 5, 10, 20, and 30 days after inoculation. Changes 
in reaction, curd formation, and reduction of the indicator are summarized 
in Table 2. 
E. amylovora was the only plant pathogen that showed any proteolytic 
activity in milk culture coincident with the production of an alkaline re-
action. E. tracheiphila and E. salicis brought about no visible changes in 
litmus milk cultures, a characteristic which was a very useful means for 
identifying these organisms. The pectolytic and corn stalk-rot bacteria 
produced reactions nearly identical with those of the coliform bacteria. 
Acid formation occurred within 24 to 48 hours, followed by reduction of the 
indicator and formation of a firm curd with or without extrusion of whey. 
The litmus milk reactions suggest a rather close relationship between 
the coliform and pectolytic bacteria. Culture No. 28 appears to be unre-
lated to any of the other bacteria in its behavior toward skimmilk. That 
E. amylovora is distinct from Proteus vulgaris is indicated by the rapid 
peptonization and strong alkali production of the latter in contrast with 
the relatively weak reactions of the former. 
EXOENZYMATIC ACTIVITY 
Gelatin liquefaction, starch hydrolysis, and peptonization of milk are 
essentially estimates of exoenzymatic activity. Of these only the starch-
hydrolyzing enzyme system, amylase, has been extensively studied. In 
the present study no attempt was made to identify the end products of the 
enzyme action or to determine the linkages involved. The hydrolytic ac-
tivities of the bacterial plant pathogens in living plant tissues, starch, 
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gelatin, and milk, were referred to as protopectinase, amylase, and pro-
teinase acting on gelatin and milk. 
Protopectinase: The secretion of protopectinase by the pectolytic bac-
teria was first studied by Potter (1901) and later by Jones (19D9). Ker-
tesz (1936), in his discussion of the literature relating to the cell wall-
dissolving enzyme system, pointed out that while it is not definitely 
proven that protopectinase, pectinase, and pectase are distinct enzyme 
systems, the evidence in the literature seems to favor the view that the 
cell wall-dissolving enzyme system, protopectinase, is a distinct component 
of the pectinase complex; its activity is manifested by maceration of living 
plant tissue and conversion of insoluble protopectins to soluble pectins. 
The test for protopectinase activity was conducted according to the 
method described for the crossinoculation studies. Pectolysis was deter-
mined after 48 hours incubation. To check whether the softening of plant 
tissues by the "soft-rot" bacteria was due to exoenzymatic activity, alcohol 
precipitates were prepared from 500 ml. bouillon cultures of Erwinia 
carotovora (No. 20), E. phytophthora (No. 23), E. aroideae (Nos. MlO and 
Kl), E. amylovora (Nos. 36 and 37), Escherichia coli, and "pectin-fer-
menting" coliform culture received under the name Aerobacter pectino-
vorum. The dried precipitate was ground with zinc dust in a mortar and 
dissolved in 10 ml. of water. After centrifuging the redissolved enzyme 
preparation, the supernatant enzyme solution was tested for protopec-
tinase activity by suspending in it a very thin slice of carrot. Maceration 
of the carrot was taken as evidence of protopectinase activity. Active 
preparations were obtained only from pathogenic cultures of Erwinia 
carotovora, E. phytophthora, and E. aroideae. The cultures of E. amylovora, 
Escherichia coli, and Aerobacter pectinovorum yielded no trace of proto-
pectinase activity. This experiment strongly supported the idea that plant 
tissue inoculation is a reliable test for protopectinase, the directness and 
simplicity of which requires no defense. 
In view of the importance of protopectinase in the parasitism of many 
pathogenic plant organisms, the ability of bacteria, in particular, to secrete 
this enzyme should be considered highly significant in characterizing and 
classifying bacteria. For this reason the results of the raw carrot slice 
test for determining protopectinase activity have been included with the 
other three enzyme tests in Table 2. 
The summarized results of Table 2 show that only the pectolytic 
bacteria were able to secrete protopectinase in amounts sufficient to soften 
raw carrot slices in 48 hours. Cultures received as "nonpathogenic" 
strains of Erwinia carotovora (W 48, W51, W52, CAl, CA2) , E. phytoph-
thora (P4, 496), and E. solanisapra (EP), on the other hand, failed to 
show the slightest evidence of protopectinase activity. These "nonpatho-
genic" soft-rot organisms were also different from the pathogenic cultures 
in that they failed to liquefy gelatin, a property which was characteristic 
of all the pectolytic bacteria studied. 
Amylase: In the present study amylase activity was tested by means 
of starch agar plate cultures, supplemented by a soluble starch-peptone 
broth. A weak iodine solution was used to test for hydrolysis. 
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With the exception of a few cultures of corn stalk-rot bacteria, the 
bacterial plant pathogens listed in Table 2 produced detectable amylase 
activity. These observations, together with the fact that most of the bac-
terial plant pathogens do not ferment maltose, give rise to some interesting 
speculations concerning the presence or absence of an alphaglucosidase 
system in the enzyme complex of the various organisms in question. 
Proteinase activity in gelatin: In this stµdy no attempt was made to 
determine whether the proteinases responsible for liquefaction of gelatin 
were distinct from those peptonizing litmus milk. Tubes containing nutri-
ent gelatin were inoculated by a needle stab from actively growing 
bouillon cultures and incubated at 21 + 1 °C. for 30 days. Observations 
were made after 1, 2, 5, 15, and 30 days incubation. Visible liquefaction 
was recorded as "proteinase activity." 
E. lathyri, Serratia marcescens, and all the isolates of pectolytic bac-
teria showed visible liquefaction of gelatin within 24 to 48 hours. At the 
end of 30 days many of the cultures had completely liquefied the gelatin in 
the tubes; others were from one-half to three-fourths liquefied. The 
liquefaction of gelatin was but one of several cultural and biochemical 
characters that these three groups of bacteria exhibited in common. Cul-
tures of Erwinia amylovora liquefied gelatin slowly, but their gelatin-
liquefying activity was much more vigorous than that of the corn stalk-
rot bacteria, Aerobacter cloacae or Proteus vulgaris. The "nonpathogenic" 
cultures of Erwinia carotovora (W48, W51, W52, W53, CAl, CA2) , E. 
phytophthora (P4) , and E. solanisapra (EP) , when tested for proteinase 
activity in gelatin stab cultures, failed to liquefy gelatin, further evidence 
that these' organisms are not pectolytic but coliform bacteria. No pro-
teinase activity was produced by E. tracheiphila, E. salicis, Aerobacter 
aerogenes, Escherichia coli, and E. freundii in gelatin cultures by the end 
of the 30-day incubation period. 
Proteinase Activity in Milk: The proteinase activity of the various 
cultures in milk was determined by noting the amount of digestion pro-
duced in litmus milk cultures after 2, 5, 15, and 30 days incubation at 
29 ± 1 °C. The only organisms that showed visible digestion were the 
Erwinia amylovora isolates and Proteus vulgaris. In no instance, how-
ever, was the proteinase activity of Erwinia amylovora as strong as that 
of Proteus vulgaris when grown in milk cultures. 
The results in Table 2 suggest that the proteolytic enzymes of the 
bacterial plant pathogens acting on gelatin and milk proteins might be 
two specific enzyme systems. The pectolytic bacteria produced rapid 
proteolysis of gelatin but no visible digestion of litmus milk. The cultures 
of Erwinia amylovora and Proteus vulgaris, on the other hand, showed 
proteolytic activity in both media. Although the specificity reported by 
Diehl (1919) seems to be supported by the results summarized in Table 2, 
the proteolytic activity of the pectolytic bacteria in litmus milk cultures 
may have been inhibited by the rapid formation of acids in the milk. While 
it is not certain that the differences in proteolytic activity observed are 
due to different proteinase systems, it was convenient, for the purpose of 
STUDIES OF PERITRICHOUS PHYTOPATHOGENIC BACTERIA 447 
classification, to consider the proteolytic activities observed in gelatin and 
milk separately. 
THE "rMvic" REACTIONS 
The mnemonic "IMViC", proposed by Parr (1936), designates the 
four most commonly used tests for characterizing members of the coli-
form bacteria, namely, (I) indole production, (M) methyl red reaction, 
(V) V-P reaction, and (C) Koser's citrate utilization test. With the 
exception of the indole test, none of these tests has been extensively 
applied to studies of the bacterial plant pathogns. Consquntly, it is 
almost impossibl to determine from the literature the relationships be-
tween the phytopathogenic and coliform bacteria. 
Indole Production: In the present study the indole test was made ac-
cording to the recommendations outlined in the S.A.B. Manual of Methods 
(1936). Each bacterial isolate was grown in duplicate tubes of a 1 per cent 
solution of sugar-free Bacto Tryptone for 5 days at 29 -+- 1 cc. Using the 
Gore cotton plug technique with the Ehrlich-Bohme reagents, the cul-
tures were tested for indole after 2 and 5 days incubation. 
The results are briefly summarized in Table 2. None of the plant 
pathogens studied produced indole under the conditions described. Escher-
ichia coli, E. freundii, and Proteus vulgaris produced strongly positive 
reactions, whereas Aerobacter aerogenes, A. cloacae and Serratia 
marcescens were consistently negative. . 
In a series of studies of indole-production among 80 strains of Bac-
terium stewartii, Pseudomonas campestre, Ps. phaseoli, Ps. phaseoli var. 
fUS'Cans , Ps. pisi, Ps. lespedezae, and several other species of vascular 
bacterial plant parasites, not a single indole-producing strain was found. 
Apparently indole production among bacterial plant pathogens is of rare 
occurrence. 
Methyl red reaction: The methyl red test has been used only to a 
limited extent in studying the bacterial plant pathogens. Stanley (1938) , 
Dowson (1939) , and Elrod (1942), in their comparative studies, made use 
of the test but reported no striking correlations. In the present study the 
methyl red reaction was determined essentially according to the original 
recommendations of Clark and Lubs (1915). Vaughn et al. (1939) empha-
sized the importance of adhering strictly to these original recommenda-
tions. The medium used contained 0.5 per cent K 2HP04• Tubes containing 
Clark and Lubs' medium were inoculated from 2 to 3-day-old agar cultures 
and incubated at 29 -+- 1 cc. for 5 days. 
The results of the methyl red tests are summarized in Table 2. With 
the exception of some of the pectolytic bacteria, the reaction was fre-
quently variable and indecisive. The marked tendency for the phyto-
pathogenic bacteria to produce intermediate methyl red reactions (yellow-
orange to or ange-red) indicates that the zone of limiting pH for the 
bacterial plant pathogens probably does not coincide with that of any of 
the three classes of coliform bacteria. The failure of Erwinia am ylovora, 
E. tracheiphila, E. salicis and the pectolytic bacteria to respond to the 
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methyl red test in the precise manner characteristic of the Aerobacter and 
Escherichia species is taken as evidence that these plant pathogens are 
not closely related to either section of coliform bacteria. 
The "nonpathogenic" cultures of Erwinia carotovora (W48, W51, 
W52, CAl, CA2), E. phytophthora (P4) , and E. solanisapra (EP) usually 
gave methyl red reactions identical with those of coliform bacteria. 
The Voges-Proskauer Reaction: The Voges-Proskauer reaction has 
not been extensively used in characterizing the bacterial plant pathogens. 
Ark (1937) and Dowson (1939) reported a V-P reaction for E. amylovora. 
Dowson (1939) reported E. tracheiphila and E. carotovora to be V-P nega-
tive and E. salicis, E. aroideae and E. lathyri to be V-P positive. Stanley 
(1938) obtained both positive and negative V-P reactions for th'e pecto-
lytic bacteria studied by him, but the bacteria isolated from corn stalk-rot 
were all found to be V-P positive. Millard (1924) and Metcalfe (1940) 
found Bacterium rha,ponticum to be V-P positive, and Chester (1938) 
reported a slightly positive V-,P reaction for Erwinia cytolytica. Elrod 
(1942) also reported positive and negative V-P reactions for 19 soft-rot 
isolates studied by him. No V-P reaction has been reported for the other 
petritrichous plant pathogens. 
The V-P reaction was determined by growing the organisms in 
Clark and Lubs' medium at 29 ± 1°C. Determinations were made 
after 48 hours incubation using 40 per cent NaOH and creatine as recom-
mended by O'Meara (1931). After 1940, duplicate tests were made using 
40 per cent KOH and alphanaphthol according to the method of Barritt 
(1936). Vaughn et al. (1939) observed that the number of so-called 
intermediate reactions could be materially reduced by carefully con-
trolling conditions under which the tests were conducted. Careful atten-
tion, therefore, was given to the temperature and time of incubation in 
this study. During 1941 it was found desirable to make an additional de-
termination after 5 days incubation. The cultures were always run in 
duplicate. After each test was made, cultures giving doubtful or unex-
pected reactions were plated out, and several isolated colonies, definitely 
known to be the organism, were retested. 
The results of the V-P determinations are summarized in Table 2. 
It was apparent from the number of doubtful reactions obtained that the 
V-P reaction is not as clear-cut when used with the plant pathogens as it 
is with the coliform bacteria. This tendency indicates that the plant patho-
gens are not coliform bacteria. In general, it can be said that E. amylovora, 
E. salicis, and E. tracheiphila were V-P negative, although in some in-
stances some of the cultures seemed to be slightly positive. Among the 
pectolytic bacteria, four isolates (Nos. 24, 27, MlO, M81, W2) were con-
sidered to be definitely V-P positive. These include the type culture of 
E. aroideae (No. 24). The remainder of the pectolytic organisms were 
considered to be V-P negative, although there were some instances where 
the results were doubtful. The corn stalk-rot organisms all gave strikingly 
negative V-P reactions typical of the Aerobacter species. 
The "nonpathogenic" soft-rot organisms (W48, W51, W52, W53, CAl, 
CA2 , EP) gave reactions identical with the Aerobacter species of the 
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coliform bacteria. Culture No. P4 gave a strong positive V-P reaction 
typical of the Escherichia species. 
From the standpoint of classification it is believed that the V-P re-
action of the pectolytic bacteria is highly significant. By the balance sheet 
method of analysis, Birkenshaw et al. (1931) found considerable differ-
en (!es between two strains of Erwinia aroideae and E. carotovora. E. 
aroideae gave a very high yield of butylene glycol, equivalent to more 
than 40 per cent of the original sugar, and very little lactic acid, whereas 
E. carotovora gave no butylene glycol and a high yield of lactic acid, 
corresponding to about 40 per cent of the sugar consumed. Should this 
difference in metabolic activity be confirmed by more extensive studies 
with several strains of pectolytic bacteria, this would be adequate justi-
fication for recognizing the V-P reaction as a fundamental criterion for 
the classification of these organisms. 
The Koser Citrate Utilization Test: Duplicate sets of Difeo-dehy-
drated Koser citrate medium were inoculated from young (less than 
1-week-old) agar slant cultures. After 2 days incubation at 29 ± 1°C. 
the tubes were examined for visible growth. At that time serial transfers 
to fresh citrate tubes were made; they were also examined after 2 days, 
when serial transfers were again made. An organism was considered 
"citrate-positive" only if visible growth occurred in the third serial trans-
fer after 2 days incubation. 
The results of the Koser citrate test are summarized in Table 2. With 
the exception of culture C8, all the pectolytic isolates produced abundant 
growth in 48 hours, in most cases a marked turbidity appearing within 24 
hours. Of the nonpathogenic organisms, Serratia marcescens, Aerobacter 
aerogenes, A. cloacae, and Escherichia freundii produced strong positive 
reactions, whereas E. coli was negative. Proteus vulgaris gave negative 
results, but a suggestion of growth could be detected after 5 days. 
Erwinia amylovora, E. tracheiphila, and E. salicis, although sometimes 
producing a slight turbidity after 5 days, particularly with the first culture 
in the series, were not able to sustain visible growth in Koser's medium 
through three serial transfers. E. ananas and E. lathyri grew well in the 
medium. 
For some time the tendency of some cultures to produce a faint 
turbidity, especially upon prolonged incubation, was a source of consider-
able concern. The indecisive results were eliminated by adopting the 
serial transfer technique. The results obtained in these experiments were 
consistent, however, with the results of Rucchoft et al. (1931) in their 
study of several coliform organisms. The cultures of E. amylovora were 
able to build up populations almost to the point of visible turbidity, but 
when serial transfers were made most of these cultures failed to maintain 
visible growth. 
FERMENTATION REACTIONS 
The interpretation of the literature pertaining to fermentation reac-
tions is complicated by the tendency of various workers to use different 
techniques, not only in conducting the tests, but also in interpreting their 
• 
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observations. This tendency has led many workers to question the value 
of the fermentation tube in bacterial identification and classification. 
Wedum (1936) pointed out, however, that despite the limitations of the 
acid-indicator fermentation tube technique, reliance can be placed on the 
results, provided no unwarranted assumptions are made in the inter-
pretation of the observations. Furthermore, the use of synthetic basal 
media for fermentation studies (Ayers, Rupp, and Johnson, 1919; Burk-
holder, 1932) makes it difficult to effect equitable comparisons with organ-
isms studied in peptone media. 
Technique: In the present study the fermentation reactions were 
determined by growing the organisms in Durham tubes containing 0.5 per 
cent peptone, 0.1 per cent K 2HP04 , and 0.1 to 0.5 per cent of the fer-
mentable substance. Brom cresol purple was added as acid indicator at 
the rate of 1 ml. of 1.6 per cent alcoholic solution per liter of medium. 
Synthetic basal media were not feasible, because many of the isolates 
studied required peptone as a source of nitrogen and growth factors. 
The media were sterilized by autoclaving for 10 to 15 minutes at 15 
pounds pressure. No advantage was gained by sterilizing the sugar solu-
tions through a Berkfield filter and adding to the basal medium asep-
tically. 
The fermentation tests were conducted in duplicate and repeated at 
least once. All fermentation tube cultures were incubated at 29 ± 1°C. 
for 2 weeks. The 2-week incubation period was found to be most satisfac-
tory, since shorter incubation periods were not long enough to allow the 
slowest fermenters to produce visible changes in the acid indicator inci-
dent to their fermentative activities, and incubation periods longer than 
2 weeks were found unnecessary. Any changes appearing after 2 weeks 
incubation were found to be due to the development of contaminants in 
the culture tubes. 
The Fermentation Index: The customary method of determining the 
fermentation reactions by recording formation of acid on a simple quali-
tative basis was found to be inadequate, because the bacteria included 
in the study exhibited the widest variety of fermentative ability. Some 
isolates produced acid and gas quickly and in relatively large amounts, 
whereas others produced acid or gas slowly and in very small amounts. 
The quantitative differences in gas-production were found to be constant 
and highly significant from the standpoint of classification. To bring out 
these differences adequately, the following arbitrary scale for evaluating 
the fermentative ability of the organisms in Durham tube cultures was 
found to be valuable: 
0-no visible acid or gas 
?-acid formation doubtful, no visible gas 
1-acid, no visible gas 
X-acid, erratic gas production (none to 10 per cent in Durham tubes) 
2-acid, slight gas production (less than 10 per cent in Durham tubes) 
3-acid, abundant gas production (more than 10 per cent in Durham 
tubes) 
Differences in fermentation rate were brought out by recording the 
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Culture 
No. Species D esignation 
(type) (type) 
37 ..... ... Erwinia amy lovora 
94 . .... . .. " trach.eiphila 
80 .. ... .. " salicis 
20 . . ... Pectobacterium carotovorum 
C12 ..... " " 
23 . .... . .. " phytophthorum 
17 .. " " ... .. . 
24 . " aroideae ...... . 
25 .... " melonis 
W2 ..... . . " " 
C8 . ... " delphinii . .. 
201 .... .. Aer~?acter aero§enes 
W48 ..... 
202 ...... " cloacae 
W4 . ...... " dissolvens 
100 ....... " " 
203 . .... . . E scherichia coli 
204 . " freundii .. .... 
P4 ... " " . . . . 
205 .. ..... Serratia marcescens 
28 . ... . . " Bacillus lathyri" 
29 ... " " . . . . 
101 ...... Bacillus ananas 
206 .. . ... Proteus vulgaris 
496 .... . . . " Erwinia phytophthora" 
* Intensity of reactions: 
0 = no visible reaction 
1 = slight or indecisive reaction 
2 = moderate reaction 
3 = strong reaction 
= not determined 
No. 
Isolates 
23 
6 
3 
4 
2 
3 
4 
5 
17 
1 
1 
1 
7 
1 
8 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
TABLE 2 
GENERAL SUMMARY OF PATHOGENICITY, CuLTURAL CHARACTERS, ExoENZYMIC ACTIVITIES, " IMViC," AND OTHER MiscELLANEOus 
REACTIONS * OF SOME PERITRICHOUS AND NONMOTILE PHYTOPATHOGENIC BACTERIA AND SOME RELATED NONPATHOGENIC SPECIES 
Exoenzymic Activities 
Cultural Characters H 2S Proteinase 
Pa tho- N03 to Produc- Litmus Proto-
Origin (host) genicity Agar P .D.A. E.M.B. N02 ti on Millet pectinase Amylase Gelatin Milk 
Rosaceous plants 0- 3 white white pale pink 0 0 B 0 0 1 0- 1 
Cucurbit species 3 " " no growth 0 0 N 0 0 0 0 
Willow species " yellow pale pink 0 0 N 0 0 0 0 . . . . . . . . . . 
Fleshy vegetables 1- 3 white white metallic 3 2 ACR 2- 3 0 2- 3 0 
" " 1- 3 " " " 3 2 ACR 2- 3 0 2- 3 0 
Potato (usually) 1- 3 " " " 3 2 ACR 2- 3 0 2- 3 0 
(( " 1- 3 " " " 3 2 ACR 2- 3 0 2- 3 0 
Fleshy plants 1- 3 " " " 3 2 ACR 2- 3 0 2- 3 0 
" " 1- 3 " " " 3 2 ACR 2- 3 0 2- 3 0 
" " 1- 3 " " " 3 2 ACR 2- 3 0 2- 3 0 
Delphinium species 2 " " " 3 2 ACR 2- 3 0 2- 3 0 
Soil 0 white white brown 3 2 ACR 0 2 0 0 
Soft-rot of plants 0 " " ' 3 2 ACR 0 0 0 . . . . . ..... 
Sewage 0 " " " 3 2 ACR 0 0 1 0 
.(ea mays 0- 2 " " " 3 2 ACR 0 0 0- 1 0 
" " 0 " " " 3 2 ACR 0 2 0 0 
Man 0 white white metallic 3 2 ACR 0 0 0 0 
Canal water 0 " " " 3 3 ACR 0 0 0 . . . . . . . . ' 
Blackleg of potato 0 " " " 3 ACR 0 .. . ....... 0 0 . . . . . . . . . . 
. . . . . . . . . . . . . . . . . 0 red red red 3 . . . . . . . . . . ACR 0 . . . . ...... 3 0 
Sick aphis 0 chrome yellow . . . . . ..... 3 2 ACR 0 0 3 0 
0 " " 3 2 N-R 0 0 3 0 . .. . .. . . . ....... . . . . . ... . . . 
Pineapple " " 0 0 . ..... 0 0 . . . . . . . . . ... . . . . . . . . . . . . . . . . . ... . .. . . . . . 
. . . . . . . . . . . . . . . . . . 0 white white . . . . . . . . 3 . . . . . . . . . . B 0 ..... . .... 0 3 
Blackleg of potato 0 " " 0 0 0 . . . . . . . . . . . . . . ' . . . . . . . . .. . . . . . . . . . . . . . .. .......... 
t Litmus millc reactions: 
A = acid reaction 
B = basic reaction 
= neutral reaction 
C = curd formation 
R = reduction of indicator 
" IMViC" Reactions 
In dole M-R V-P Citrate 
0 1 0 0 
0 1 0 0 
0 1 0 0 
0 3 0 3 
0 3 0 3 
0 3 0 3 
0 3 0 3 
0 1 3 3 
0 1 0 3 
0 3 0 3 
0 3 0 0 
0 0 3 3 
0 0 3 3 
0 0 3 3 
0 0 3 3 
0 0 3 3 
3 3 0 0 
3 3 0 3 
0 3 0 3 
0 1 0 0 
0 0 0 0 
0 0 0 0 
0 3 0 0 
3 3 0 1 
0 . . . . . . . . . . . .... . . . . . . . . 
Type 
Culture 
No. Species Designation (type) 
37 . . ..... Erwinia amy lovora 
94 .. . .... " tracheiphila 
80 . . . ..... " salicis 
20 . .. ... .. Pectobacterium carotovorum 
C12 ...... " " 
23 .. ... . .. " hytophthorum 
17 . ... .. . . " " 24 .... . . .. " aroideae 25 . ....... " melon is W2 . . ..... " " 
CB ........ " delphinii 
201 .... .. Aerobacter aerogenes 
W48 .. . ... " " 
202 ... ... . " cloacae 
W4 .. .. .. . " dissolvens 
W7 .... ... " " 
W70 .. .. . . " " 
100 .... ... " " 
203 . ... ... E scherichia coli 
204 ....... " freundii 
P4 .. ...... " " 
205 ... . .. . Serralia marcescens 
28 .. . .. . . . " Ba;.illus latlp,n·i" 
29 .... . .. . 
101 ... . . " ananas'' . . 
206 ... . . .. Proteus vulgaris 
496 ..... . . "Erwinia phytophthora" 
•Determination of fermentation indexes: 
0 = no visible acid or gas 
? = acid doubtful; no visible gas 
1 = acid; no visible gas 
x = acid; erratic gas production 
Arabi-
nose 
00?? 
0000 
0000 
1222 
. . . . . .. . 
1222 
OOxx 
1111 
1111 
. .. . ... 
. . . . . . . . 
3333 
. . . . . . .. 
. . . . . . . 
. . . . .... 
. . . . . . . . 
. . . . . . . 
. . . '' .. 
3333 
. . . . . . . . 
. . . . . . . . 
. . . . . . . . 
1111 
1111 
. . . . . . 
. . . . . . . . 
. . . . . . . . 
2 = acid; slight gas production (less than 10%) 
Pentoses 
Xylose 
000? 
0000 
0000 
1x22 
. . . . . . . . 
1222 
OOxx 
1111 
1111 
. . . . . . . 
. . . . . . . . 
3333 
. . . . . . . 
. . . . .... 
. . . . . . . 
. . . ..... 
. . . . . . . . 
.... . ... 
3333 
.. . ..... 
. . . . .. . . 
. . . . . . . 
1111 
1111 
. . ... . . 
.. . .. . .. 
. . . . . . . . 
3 = acid; abundant gas production (more than 103) 
. . = not determined 
Rham-
nose 
0000 
0000 
0000 
xx22 
. . . . . .. . 
1122 
1x22 
1111 
1111 
. . . . . . . 
. . . . . . . . 
3333 
. . . . . . . 
. . . . ... 
. . . . . . . . 
. . . . . . . . 
. . . . . . . . 
. . . ' . . . 
3333 
. . . . . . . 
. . . . . . . . 
. .. . .... 
1111 
1111 
. . . . . . . 
. . . . . . . . 
. . . . . . . . 
TABLE 3 
GENERAL SUMMARY OF FERMENTATION I NDEXES * OF THE VARIOUS PERITRICHOUS AND NONMOTILE PHYTOPATHOGENIC BACTERIA AND 
SOME R E LATED NONPATHOGENIC SPECIES AS DETERMINED FROM DURHAM TUBE CuLTURES WITH 27 FERMENTABLE SUBSTRATES 
I Aldohexoses Ketohexoses I 
Ga lac- Man- Fruc-
Glucose tose nose tose 
?111 00?? 0000 0?11 
0?11 0011 0000 0011 
lxxx 0000 1 lxx Olx.x 
xxxx 1xx2 1122 xxxx 
1111 OO?x . . . . . . . . ??11 
xxxx Ox22 1222 lxxx 
llxx 000? O??x O?xx 
1111 ?111 1111 1111 
1111 1111 1111 1111 
0011 000? . . . . . . . . 00?1 
xxxx OOxx . . . . . . . . 1111 
3333 3333 3333 3333 
2333 . . . . . . . . . . . . . . . . . .. . . . . . 
3333 3333 ... ' ... 2333 
3333 3333 . . . . . . . . 2333 
3333 3333 . . . . . . . . 2332 
3333 3333 . . . . . . . . 2333 
3333 3333 . . . . . 0233 
3333 3333 3333 3333 
3333 3333 . . . . . . . 3333 
3333 . . . . ' . . . . . . . . . . . . . . . . . . 
1111 00?1 . . . . . . . . 1111 
1111 1111 1111 1111 
1111 1111 1111 1111 
1111 0111 . . . . . . . . 1111 
2232 0000 . . . .. .. . 0000 
0?11 . . . . . . . . . ~ . . . .. . . ... . . 
First digit = reaction after 24 hours 
Second digit = reaction after 48 hours 
Third digit = reaction after 7 days 
Fourth digit = reaction after 14 days 
Sor-
bose 
0000 
0000 
0000 
0000 
. . .... . 
0000 
0000 
0000 
0000 
. . . . . . . 
. . ... .. 
. . . . . . . . 
. . . . . . . . 
. . . . . . . . 
. . . . . . . . 
. . . . . . . 
. . . . . . 
. . . . . . . . 
0000 
. . . ' ... . 
. . . . . . '. 
. . . . . . . . 
0000 
0000 
. . . . . . . . 
. . . . . . . . 
. . . . . . . . 
Mal- Cello-
tose biose 
0000 0000 
0000 0000 
0000 0000 
0000 xxxx 
0000 OOxx 
0000 xx xx 
0000 000? 
0000 1111 
0000 1111 
0000 0000 
00?1 Olxx 
3333 3333 
3333 . . . . . . . . 
3333 3333 
3333 3333 
3333 3333 
3333 3333 
3333 3333 
3333 0000 
3333 3332 
3333 . . . . . . . ' 
1111 1000 
1111 0000 
1111 1111 
0110 . . . . . . . 
1222 0000 
?111 . . . . . . . 
-
Oligosaccharides Polysaccharides 
Treha- Lac- Meli- Raffi- Cellu-
lose tose biose Sucrose nose Dextrin Starch lose 
000? 0000 00?1 0?11 0000 0000 0000 0000 
0000 0000 0000 0111 0000 0000 0000 0000 
000? 0000 0011 lxxx 0011 0000 0000 0000 
?lxx lxxx xxxx xxxx xxxx 0000 0000 0000 
000? OOxx 1111 O?lx O?xx . . . . . . . . 0000 0000 
Ox22 1x22 1111 xxxx Ox xx 0000 0000 0000 
???? OOxx ?111 OOxx OOxx 0000 0000 0000 
1111 1111 1111 1111 1111 0000 0000 0000 
1111 1111 1111 1111 1111 0000 0000 0000 
0000 0011 0011 00?1 00?1 . . .. . . .. 0000 0000 
OOxx OOlx 0000 xxxx 00?0 0000 0000 0000 
.. . ... . . 3333 . . . . . . . . 3333 3333 00x3 Ox33 0000 
. . . . . . . . ??xx . . . . . . 3333 . . . . . . . . . . . . . ... . ... . .. . . . . . . . . . 
. . . . . . . 3333 . . . . . . . . 0000 0000 . . . . . . . . 0000 0000 
. . . . . . . . 00x3 . . . . . . 2333 x333 . . . . . . . 0001 0000 
. . . . . . . . 0012 . . . . . . . . 3333 0000 . . . . . . . . 0000 0000 
. . . . . . . . 0002 . . ~ . . . . . 0000 0000 . . . . . 0001 0000 
. . . . .. . . 0223 . . ' . . . . . 2333 3333 . . . . . . . 0233 0000 
. . . . . . . 3333 1233 0000 0000 0000 0001 0000 
. . . . . . . . 3333 . . . ' ... 2333 3333 . . . . . . . 0000 0000 
. . . . . . . . 0033 . . . . . . . . 3333 . . . . . . . . . . .. . . . . . . . .. . . . . . . . . . . . 
. . . . . . . 0000 . . . . . . . 1111 0000 . . . . . . . . 0011 0000 
1111 0000 0111 1111 0000 0000 0000 0000 
1111 ?111 0111 1111 0000 00?? 0000 0000 
. . . . . . . . . . . . . . . . . . . . . . 1111 1111 . . . . . . . . . . . . . . . 0000 
. . . . . . . . 0000 . . ... . . . 1111 0000 . . ... . .. 0000 0000 
. . . . . . . . 0022 . . . . . . . . 2222 . . . . . . . . . . . . . . . . . . .. . . . . . . .. . . . . 
Glucosides 
Gly- Erv- Dulci- Manni- Sorbi- Inosi-
lnulin Esculin Salicin cerol thri.tol tol to! to! to! 
0000 00?? 0000 00?? 0000 0000 0000 0000 0000 
0000 0000 .. . ... . . 0000 0000 0000 1111· 0000 0000 
0000 1111 0?11 00 ?? 0000 0000 Oxxx 0000 0000 
0000 lxxx 1111 0001 0000 0000 xx22 0000 0000 
. . . . . . . . 0011 0111 0001 . .... . . . . . . . . . . . . . . . . . . .. .. . .. . ... . . .. 
0000 xxxx lxxx 0000 0000 0000 2222 0000 0000 
0000 0011 •o? ?? 0000 0000 0000 O??x 0000 0000 
0000 1111 1111 O??? 0000 0000 1111 0000 0000 
0000 1111 1111 00?? 0000 0000 1111 0000 0000 
. . . . . . . . 0011 0001 0000 . . . . . . . . . . .. . . . . - . . . . . . . . . . . . . . . . . . . . . 
. ... . ... 1111 1111 0000 . . . . . . . . . . . . . . . . .... ... . . ... . . . . . . . . 
. . . . . . . . 3333 3333 3333 0000 0000 .... .. .. 3333 1333 
' . . . . . . . . . . . . . 2332 . . ... . . . . . . . . . . . . .... . . . . . . . . . . . . . . . . . . . .... . . 
. . . . . . . 0011 00 ?1 0011 . . . . . . . . . . .. . . . . . . . ..... . . . . . . . . . . . . . . . . 
. . . . . . . . 3333 x22x 0011 . .... . .. . . . . . . . . . .. . ... . . . . . . . . . . . .. .. .. 
. . . . . . .. 3333 2220 0011 . .... . . . . .. . . . . . . . .. . .. . . . . . . . . . ...... . 
. . . . . . . . 3333 2220 0011 . . . . . . . . .. ..... . .. . . . .. . . . . . . . . . . ... . .. 
. . . . . . . 3333 3322 3333 . . . . . . . . . . . . . . . . . . . .. ... . . . . . . . . . . .. . . .. 
0000 0122 Olxx 0123 0000 0000 ........ 2333 0000 
. . . . . . . . 3333 3332 0133 . ..... . . 9000 . . . . . . . . 3333 . ..... . 
. . . . . . . . . .. .... . 2322 . . . . . . . . . . . . . . . . . .... .. . . . . . . . . . . .. . . . .. .. .... 
. . . . . . . . 1111 1110 1111 . ..... . . . . . . . . 1111 . . . .. . .. . ..... . . 
0000 1111 1111 0000 0000 0000 .... . ... 0000 0000 
0000 1111 1111 0000 0000 0000 ... .... . 0000 0000 
. . . . . . . . . . . . . . . . 1111 . . . . . . . . . .. . .... . . . . . . . . . . .. .. . . ... . .. . . . . . . . 
. ..... .. 1111 1111 0011 . . . . . . . . . .. ... .. . . . .. ... . . .. .. .. . ..... .. 
... . .... . . ... ... 3333 .... . . . . . . . . . . . . . . . . . . . . ...... . . . ... ... . . . .. . .. 
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fermentation reactions after 24 hours, 48 hours, 1 week, and 2 weeks, 
consecutively, as a four-digit expression, which was called the "fermenta-
tion index." Thus Escherichia coli, which is notable for its vigorous lactose 
fermentation, can be said to have a lactose fermentation index of 3333. 
This means that within 24 hours E. coli produced acid and gas in excess 
of 10 per cent and that this reaction remained roughly within the pre-
scribed bounds during the 2-week incubation period. Serratia 71Wrcescens 
had a galactose fermentation index of 00?1, that is, no acid was detectable 
until after 1 week, at which time the acid production was doubtful, but 
at the end of 2 weeks a definite acid reaction was discernible. Erwinia 
carotovora (No. 20) had a lactose index of OlXX, or, no acid was formed 
until 48 hours incubation, and after 1 week gas was produced erratically 
(that is, sometimes a bubble would form in one tube and not in the other; 
at other times both tubes would have a bubble, and at other times neither 
tube would have a bubble) in amounts never exceeding 10 per cent as 
measured in the Durham tube. The fermentation types recognized are 
illustrated in Figures 1, 2, 3, and 4. 
The differences in amount and rate of gas production by the various 
isolates of bacteria, as expressed by the fermentation indexes, were found 
to be a much more useful basis for establishing the relationships between 
the plant pathogens and the coliform organisms than the usual qualitative 
interpretation of fermentation tests. 
Results of the Fermentation Tests: Fermentation indexes, determined 
for 27 fermentable substrates, are summarized in Table 3. The cultures of 
E. amylovora, E. tracheiphila, and E. salicis were noteworthy for the lim-
ited range of substrates they were able to ferment with acid or gas 
formation. The only substrates fermented by all the isolates of those 
three species were glucose, fructose, sucrose, and pectin. The cultures of 
E. lathyri, E. ananas, the pectolytic organisms, the "nonpathogenic" soft-
rot organisms, the corn stalk-rot bacteria, the coliform bacteria, Serratia 
marcescens, and Proteus vulgaris, on the other hand, produced positive 
reactions from a majority of the substrates tested. The tendency' to fer-
ment only a limited number of substrates indicates that Erwinia amylovora, 
E. tracheiphila, and E. salicis are physiologically more highly specialized 
than the other bacteria studied. 
Not many plant pathogens were found to resemble the coliform bac-
teria in vigor and gas production. Only the corn stalk-rot bacteria pro-
duced fermentation reactions of the coliform type. The other plant patho-
gens exhibited fermentation reactions much less vigorous and are not 
likely, therefore, to be considered coliform bacteria. The so-called "non-
pathogenic" cultures almost invariably produced coliform-like fermen-
tation reactions. 
All the isolates of E. amylovora, E. tracheiphila, and E. salicis pro-
duced acid and sometimes a small amount of gas (E. salicis), from glu-
cose, fructose, and sucrose, and they failed to produce visible acid and gas 
from many of the other fermentable substrates commonly used in bac-
terial classification, such as rhamnose, maltose, cellobiose, lactose, etc. 
Certain fermentable substrates served to effectively differentiate these 
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FIG. 1. Typical fermentation reactions of Bacillus orideae (index 1111), B. caro-
tovorus (index 2222), and Escherichia freundii (index 3333) in buffered peptone-
sucrose broth. Arranged left to right are paired tubes of Bacillus aroideae (24), B. 
carotovorus (W20), and Escherichia freundii (204) after two weeks. 
Frc. 2. Typical fermentation reactions of some gas- forming pectolytic bacteria 
(index OOxx) in buffered peptone-sucrose broth. The three pairs of tubes were inocu-
lated from the same culture of Bacillus carotovorus (M60) and incubated for two 
weeks. 
Frc. 3. Typical fermentation reactions of Bacterium dissolvens and coliform bac-
teria in buffered peptone-sucrose broth (index 3333). Paired tubes at the left are 
Bacterium dissolvens (W4 and W71, respectively), compared with Escherichia freundii 
on the right. 
Frc. 4. Typical fermentation reactions of Bacillus carotovorus (index 2222), 
Bacterium dissolvens (index 3333), and Escherichia freundii (index 3333) in buffered 
peptone-sucrose broth. Paired tubes of each culture are arranged in the order named. 
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three species from each other. For example, by its ability to ·produce acid 
from raffinose, E. salicis was easily distinguished (Index 0011) from the 
others. The failure to produce visible acid from mannitol characterized 
E. amylovora. Likewise, the lack of visible acid formation in melibiose 
was characteristic of E. tracheiphila. Other substrates also proved to have 
some value for distinguishing these three species, but in some instances 
the production of acid was very slight. 
The pectolytic bacteria differed from E. amylovora, E. tracheiphila, 
and E. salicis in that they were able to produce acid, or acid and gas, in 
measurable amounts from the pentoses and many of the oligosaccharides. 
The pectolytic bacteria were readily distinguished from the coliform 
bacteria, on the other hand, by their typical fermentation reactions of 0000 
to 2222 (Figs. 1, 2, and 4), in contrast with the vigorously aerogenic re-
actions of the coliform bacteria (Index 3333) . 
With the exception of culture No. C8, all the isolates of pectolytic 
bacteria failed to produce visible acid or gas from maltose. These results 
do not substantiate the conclusions of Dowson (1940, 1941), whose 
studies led to the conclusion that the fermentation of maltose was an 
effective means of distinguishing E. carotovora from E. phytophthora. 
Table 3 shows that neither E. carotovora (No. 20) nor E. phytophthora 
(No. 23) was able to ferment maltose. In this study the maltose fermen-
tation was, however, a valuable aid in differentiating the pectolytic 
organisms from the nonpathogenic organisms received as "soft-rot bac-
teria." The results summarized in Tables 2 and 3 show that the maltose-
fermenting organisms are distinct from the pectolytic plant pathogens in 
many respects. 
Certain strains of pectolytic bacteria were notable for their character-
istically slow fermentation in most of the substrates. Culture Nos. 17, 
18, M60, 21, W2, and 110 usually gave fermentation indexes of 000? to 
OOXX. This characteristically slow fermentation was not correlated with 
any other cultural, biochemical, or pathological characters. Only one cul-
ture (W2) of slow-fermenting pectolytic organisms was anaerogenic. The 
gas-forming strains usually produced a bubble of gas in only one of the 
duplicate Durham tubes inoculated (Fig. 2) . 
With respect to the gas-forming pectolytic organisms, the glycerol 
fermentation was of particular interest. In his original description, Jones 
(1901) described E. carotovora as producing a small amount of acid from 
glycerol. Smith (1910) pointed out that E. phytophthora did not produce 
acid from glycerol. The type culture of E. carotovora (No. 20) produced 
acid from glycerol slowly and in small amounts (Index 0001) , whereas 
the type culture of E. phytophthora (No. 23) produced no visible acid 
from glycerol. Since the production of acid from glycerol was in all cases 
rather wegk and slow, the differences between these two cultures may be 
more apparent than real. But this character was used in the original de-
scriptions of these organisms and is even now useful in distinguishing 
between these two species. With respect to glycerol fermentation, six 
cultures (Nos. 20, 26, W20, W38, C,12, and 110) resembled E. carotovora, 
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and eight cultures (Nos. 23, VlO, W120, 17, 18, M60, 21, and C8) re-
sembled E. phytophthora. 
All the isolates of corn stalk-rot bacteria produced fermentation 
reactions characteristic of the coliform bacteria. Glucose, galactose, fruc-
tose, maltose, cellobiose, and esculin were fermented vigorously by all 
isolates (Index 3333). With lactose, however, these organisms pro-
duced an unusual fermentation type (Index 0002 to 0033), which re-
sembled that of the so-called slow lactose-fermenting coliform bacteria 
associated with certain respiratory, urinary, and intestinal infections of 
man (Parr, 1939). This characteristic, noted by Rosen (1926), and also 
evident in Stanley's (1938) data, is believed to be of major importance as 
a taxonomic character. In salicin the fermentation was not particularly 
vigorous (Index 2221). With starch and glycerol the fermentation was 
slow and weak (Index 0000 to 0011). Culture No. 100, however, gave an 
index of 0233 for starch and 3333 for glycerol, which may be interpreted 
to mean that this culture should be considered a separate species, in 
which case it must be concluded that the various isolates of the corn 
stalk-rot bacteria are merely slow-lactose-fermenting strains of Aero-
bacter aerogenes and A. cloacae. At the present time, however, it seems 
preferable to consider the corn stalk-rot organisms as a distinct species 
of coliform bacteria. 
The yellow organisms Erwinia lathyri (Nos. 28 and 29) and E. ananas 
(No. 101) gave fermentation indexes that resembled those of Serratia 
marcescens. No gas was produced by any of the chromogenic cultures 
studied.' 
The fermentation tests show (1) that Erwinia amylovora, E. trachei-
phila, and E. salicis ferment only a few of the substrates tested and that 
their fermentation type is characteristically anaerogenic; (2) the pecto-
lytic bacteria ferment almost as wide a range of substrates as the coliform 
bacteria, but their fermentation type is much less vigorous, yielding only 
small amounts of gas or none; (3) several species of pectolytic bacteria 
can be identified by means of fermentation reactions; (4) the corn stalk-
rot bacteria are readily recognized as a species of coliform bacteria; (5) 
the yellow bacteria exhibit fermentation reactions resembling those of 
Serratia marcescens. 
It was thought that the fermentation of pure pectin would provide a 
convenient means for characterizing the pectolytic bacteria, but pectin 
was fermented by all the organisms tested. Contrary to the supposition 
expressed by Burkey (1928) , the maceration of plant tissue was found to 
be due to pectopectinase activity and not to the fermentation of pectin. 
In these tests, no attempt was made to purify the pectin before including 
it with the basal medium. Elrod (1942) has done this and reported both 
pectolytic and coliform organisms to be capable of fermenting this material. 
On the basis of their fermentation reactions (Table 3), the pectolytic 
bacteria may be readily divided into two groups. Twenty-three isolates 
of pectolytic organisms never were observed to produce gas in any of the 
fermentable substrates tested. The remaining 14 cultures produced gas 
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in small amounts (Index OO?X to 2222). Harding and Morse (1909) 
observed that the pectolytic organisms showed considerable variability 
in gas-production, and, because the amount of gas produced was in all 
instances scarcely more than enough to saturate the culture liquid, this 
variability was considered to be of little importance in the delimitation 
of species. The result of the present study, essentially identical with that 
of Harding and Morse (1909), is believed to be convincing evidence that 
this peculiarity in gas-production is a characteristic response of these 
organisms and that it is an important criterion for their classification. 
TAXONOMIC GROUPING OF THE CULTURES 
The difficulties in identifying and classifying the bacteria are chiefly 
due to lack of readily defined criteria for characterizing the taxonomic 
units. These problems, critically reviewed by Smith (1905), Buchanan 
(1929), Rahn et al. (1929, 1937), Kluyver and van Niel (1936), Dowson 
(1939) , and others, have not lent themselves readily to a satisfactory solu-
tion. From the literature, one gets the impression that our ideas concerning 
the classification of bacteria are far in advance of our knowledge of the 
organisms themselves. An attempt to establish a list of criteria for use in 
characterizing the bacteria was made by the Society of American Bac-
teriologists in their Descriptive Chart. Harding (1910) pointed out that, 
although the classification scheme based on the chart had considerable 
merit, it had the serious limitation of defining bacterial species in a man-
ner inconsistent with the ordinary conceptions of species. The extent to 
which these inconsistencies have resulted in a lack of system is very 
evident in Elliott's (1943) recent review of the classification and nomen-
clature of the bacterial plant pathogens. 
The results of the present study provide adequate evidence to show 
that the species of peritrichous plant pathogens cannot be shifted en ma.sse 
from the obsolete but convenient genus Bacillus of Migula (1900) to any 
single genus in the system of Bergey et al. (1923). In order that the 
"taxonomic anomalies" pointed out by Rahn et al. (1929) might be re-
duced to workable realities, the various species must be distributed among 
the genera and families in which they most obviously belong. Where 
suitable categories do not exist, they must be established. The results of 
the present study, summarized in Tables 2 and 3, suggest the following 
grouping of the isolates studied which seems to more adequately indicate 
their true relationships. 
GROUP I. BACTERIA WITH LIMITED HOST RANGE 
AND BIOCHEMICAL ACTIVITY 
Erwinia amylovora (19 isolates), E. salicis (3 isolates), and E. tra-
cheiphila (6 isolates) are characterized by the narrow range of host plants 
that they are capable of attacking. Symptomatic responses on host plants 
may vary among the various species within the group, producing direct 
general or local necrosis or indirect vascular or cortical necrosis (see 
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Melhus and Kent, 1939). They are further characterized by the relatively 
large number of negative or weak biochemical activities observed in the 
various media used in the study, suggesting a rather high degree of 
physiologic specialization. The three pathogens are not particularly easy 
to cultivate in laboratory culture media. 
The exoenzymatic activities of this group of organisms appears to be 
limited in scope. They do not reduce nitrates nor utilize inorganic nitroge-
nous compounds in their metabolism. They release no hydrogen sulphide 
from proteoses, nor do they produce acids in milk cultures . 
. They produce no indole from tryptophane. They characteristically 
produce a slight or indecisive acid reaction to the methyl red test. They 
are V-P negative and do not grow in Koser's citrate medium. 
They grow slowly and relatively sparsely on nutrient agar. They grow 
poorly or not at all on E.M.B. and Endo-agar plates. In liquid media they 
grow anaerobically, as evidenced by the uniform turbidity throughout 
the depth of the culture tube. 
The fermentation reactions of the members of this group are anaero-
genic, sometimes microaerogenic, in nature. All of the species in the 
group produce visible fermentations in only a few of the 28 fermentable 
substrates tested. It may be significant that only glucose, fructose, and 
sucrose were fermented by all the members of the group. Galactose, 
mannose, melibiose, raffinose, esculin, salicin, glycerol, and mannitol 
were found to be useful in differentiating the various species within the 
group. 
GROUP II. THE PECTOL YTIC BACTERIA 
The pectolytic bacteria, hitherto known as the "soft-rot" bacteria, 
comprise a distinct group of generic rank. Included in the group are E. 
carotovora (6 isolates) , E. phytophthora (7 isolates) , E. aroideae (5 iso-
lates) , E. melonis (18 isolates), and an isolate taken from diseased del-
phiniums in California (Culture No. C-8). While these organisms exhibit 
several characteristics suggesting a possible relationship with the coliform 
bacteria, there is no adequate justification for concluding that they belong 
together in the same genus. They are distinctly different and can readily 
be identified by means of a few simple laboratory tests. 
In all culture media the pectolytic bacteria grow much more lux-
uriantly than the organisms of Group I but noticeably less so than the 
coliform bacteria which comprise Group III. In E.M.B . and Endo-agar 
cultures they grow readily but produce colonies that are distinctive in 
appearance and smaller in size than those of the coliform organisms. 
The members of Group II produce typical symptomatic responses in 
a wide range of fleshy host plants. They produce a rapid direct general 
necrosis by means of a potent protopectinase. Pigment production in the 
host tissues is not correlated with virulence. 
The pectolytic bacteria characteristically exhibit a rapid proteolysis 
in gelatin media. They reduce nitrates to nitrites and utilize inorganic 
nitrogen in their metabolism. They release hydrogen sulphide from pro-
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teoses and acidify milk cultures with curd formation but without pro-
teolysis. 
Their "IMViC" reactions tend to resemble those of Escherichia 
freundii except that they never produce indole and frequently give V-P 
reactions that are not easy to interpret. The V-P reaction and Koser's 
citrate utilization test were found to be useful in distinguishing between 
certain of the species. 
The fermentation reactions of the pectolytic bacteria were either 
anaerogenic or microaerogenic in nature. They ferment a relatively wide 
range of fermentable substrates with acid and a small amount of gas, if 
any. The coliform organisms were readily distinguished from them by the 
vigor of their fermentation reactions in most substrates. In Durham tube 
cultures the pectolytic organisms never produce more than 10 per cent 
of gas, whereas the coliform nearly always produce more than this volume. 
None of the pectolytic organisms, except culture No. C-8, produced a 
visible fermentation reaction in maltose. Glycerol and melibiose also 
were found to be useful substrates for distinguishing some of the species. 
The so-called "nonpathogenic" isolates do not conform to the behavior 
pattern herein described. They produce no protopectinase activity, pro-
duce abundant amounts of gas in most fermentable substrates, ferment 
lactose vigorously, and in many other respects behave in a manner char-
acteristic of the coliform bacteria. 
GROUP III. THE COLIFORM BACTERIA 
The coliform bacteria, comprising Group III, are usually described 
as "lactose-fermenting, Gram-negative, rod-shaped bacteria which are 
most prevalent in the intestine and in feces, but are also common in water, 
milk, and soil. . . . (They are) saprophhtic but potentially pathogenic" 
(Malcolm, 1938). They are most readily recognized by the vigor of their 
fermentation reactions in media containing a fermentable carbon sub-
strate. They produce an abundance of gas in a very short time from most 
substrates . The papers of Levine (1932), Malcolm (1938), Parr (1939), 
Rogers et al. (1915) , and Stuart et al. (1938) cover in detail the charac-
terization and significance of these organisms in water, milk, public 
health, soil, and disease. 
Only one plant pathogen was found to rightfully belong in this group 
of bacteria. The corn stalk-rot bacteria exhibit a behavior pattern which 
definitely places them in the genus Aerobacter. Also studied were Aero-
bacter aerogenes (type culture and 7 "nonpathogenic" isolates), A. cloacae 
(type culture only), Escherichia coli (type culture only), and E. freundii 
(type culture and one "nonpathogenic" isolate). 
The coliform bacteria do not exhibit protopectinase activity nor liquefy 
gelatin in the rapid manner of the pectolytic bacteria. They acidify milk 
cultures with curd formation but without proteolysis. They reduce nitrates 
to nitrites and utilize inorganic nitrogen in their metabolism. They re-
lease hydrogen sulphide from proteoses. 
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They grow luxuriantly in most cultures, and in E .M.B. and Endo-agar 
plate cultures they produce rapidly growing colonies of characteristic 
configuration and luster. They usually produce strong positive or nega-
tive reactions with the "IMViC" tests. 
Their fermentation reactions are of the macroaerogenic type, abundant 
gas being produced rapidly from a wide range of fermentable substrates. 
One culture (No. 496) received as Erwinia phytophthora, and which 
proved to be nonpathogenic, was the only nonpathogenic culture which 
was definitely a coliform organism. Its identity was not determined. 
GROUP IV. THE CHROMOGENIC BACTERIA 
The chromogenic bacteria differed from the other bacteria studied 
in a number of respects but showed many similarities with Serratia 
marcescens. They are, accordingly, considered together in Group IV. 
The two isolates received under the name Erwinia lathyri (Nos. 28 and 
29) are in all probability not the same as the organism described by 
Manns and Taubenhaus (1913) and by Manns (1915), because in their 
descriptions this organism did not liquefy gelatin rapidly nor reduce 
nitrates, and in certain other respects behaved differently than the two 
cultures here studied. 
The pineapple bud-rot organism was not studied very long in the 
course of the present study. The fact that Erwinia ananas does not reduce 
nitrates suggests that it might well belong in Group I, but the wide range 
of fermentable substrates attacked by it leaves its position doubtful until 
complete studies have been made. A number of studies with Phyt<>rnonas 
stewartii gave results which strongly suggested a rather close relation-
ship. 
CONCLUSIONS 
The opinion expressed by Rahn et al. (1929), Stuart et al. (1938), 
Stanley (1937) , and others that there is no practical means for differen-
tiating the peritrichous plant pathogens from the coliform bacteria was 
found to be unwarranted. Groups I, II, and III were found to be gen-
erically distinct. It is recommended that Group I be considered to be the 
genus Erwinia, Group II be considered a new genus of bacteria, and the 
corn stalk-rot organism be transferred to the coliform bacteria of Group 
III. Th~ chromogenic bacteria, because they are quite unlike the three 
above-mentioned groups and are of doubtful pathogenicity, are set aside 
with Serratia marcescens, which they seem to resemble. The so-called 
nonpathogenic strains of bacterial plant pathogens usually can be detected 
without the use of pathogenicity tests. 
GENERA AND SPECIES 
THE GENUS ERWINIA (WINSLOW ET AL.) EMEND. 
Historical: Even before the Society of American Bacteriologists' 
committee on characterization and classification of bacterial types began 
its work, there was a strong tendency to regard Bacillus as comprising 
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only the sporogenous bacilli. In Europe the system of Lehmann and 
Neumann (1896) was widely followed. The ruling adopted by the Second 
International Microbiological Congress in London (St. John-Brooks and 
Breed, 1937) , wherein Bacillus Cohn, 1873 was made a genus conservan-
dum with Bacillus subtilis Cohn emend. Prazomowski, 1880, designated 
as the type species, effectively removed the peritrichous plant pathogens 
from consideration as members of the genus. 
In the first report of the committee, Winslow et al. (1917) proposed 
that the peritrichous plant pathogens be classified together with all the 
other bacterial plant pathogens in the new genus Erwinia, which they 
characterized as follows with Erwinia amylovora designated as the type 
species: 
Plant pathogens. Growth usually whitish often slimy. Indol generally not pro-
duced. Acid usually formed in certain carbohydrate media, but as a rule no gas. 
In their final report (1920) the genus was placed in the tribe Erwineae of 
the family Bacteriaceae. 
Bergey et al. (1923) redefined the genus slightly so as to exclude all 
except the peritrichous plant pa~hogens as follows: 
Motile rods, possessing peritrichous flagella. The rods are white and a few 
species form pigment. 
In the successive editions of the manual the generic diagnosis of Erwinia 
was emended but slightly. In the fifth edition (1939), the following de-
scription of the genus appeared: 
Plant pathogens. Invade the tissues of plants and produce local lesions, some 
species killing the host plants. Usually motile with peritrichous flagella. Ferment 
dextrose and lactose with formation of acid or acid and visible gas. Usually attack 
pectin. 
Since its establishment, the genus has been much criticized by Rahn 
et al. (1929, 1937), Kluyver and van Neil (1936), and others on the 
grounds of its being characterized solely by plant pathogenicity. Dowson 
(1939) rejected the genus because of .its being based on inadequate 
diagnostic characters. In the heat of discussion the fundamental concept 
of the genus, none too clear at best, became more and more vague. This 
is best illustrated by the fact that throughout the history of the genus 
the type species always has been E. amylovora. Yet in many recent papers, 
of which the fifth edition of Bergey's Manual (1939) and Elrod's (1942) 
study of the Erwinia-Coliform relationship are examples, there is a 
marked tendency to regard the term Erwinia to mean the so-called "soft-
rot" group, a concept that cannot be readily reconciled with principles of 
sound taxonomy. 
Validity of the genus Erwinia: With the principle of taxonomic types 
as the basis for argument, there seems to be no justification for regarding 
the genus Erwinia as invalid on the grounds of ambiguity. The results of 
the experimental work summarized in Tables 2 and 3 reveal two other 
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species studied, namely, E. salicis and E. tracheiphila, that resemble E. 
amylovora more closely than any of the other bacteria studied. More-
over, since these three organisms exhibit several important characteristics 
in common, which distinguish them from all other known genera of bac-
teria, they must be considered the nudeus of a rather sharply defined 
genus, and all other species, hitherto included therein but differing radi-
cally in behavior, should be classified elsewhere. It seems necessary, 
therefore, that the genus Erwinia Winslow et al. (1917) be emended some-
what as follows: 
Heterotrophic, Gram-negative, nonspore-forming, rod-shaped bacteria. Motile 
by means of peritrichous flagella or nonmotile. Usually require organic nitrogen 
compounds for growth in laboratory culture media. Produce acid with or without 
small amounts of gas from a restricted number of carbon compounds in buffered pep-
tone media. Habitat: living plants. 
The type species is E. amylovora (Burrill) Winslow et al., Jour. Bact. 2:560, 1917. 
Syn. Micrococcus amylovorus Burrill, Ill. Indust. Univ. Rept. 11: 134, 1882. 
KEY TO THE SPECIES 
A. Gelatin liquefied. 1. E. amylovora 
AA. No visible liquefaction of gelatin. 
B. Acid from mannose, raffinose, and esculin. 2. E. salicis 
BB. Not as above, acid from galactose. 3. E. tracheiphila 
CHARACTERIZATION OF THE SPECIES OF ERWINIA 
1. E. amylovora (Burrill) Winslow et al., Jour. Bact. 2:560, 1917. Syn. Micrococ-
cus amylovorus Burrill, Ill. Indust. Rept. 11: 134, 1882; M. amylivorus Burrill (typo-
graphical error), Amer. Naturalist 17: 319, 1883; Bacterium amylovorus (Burrill) 
Chester, Ann. Rept. Delaware Agr. Exp. Sta. 9: 127, 1897; Bacillus amylovorus (Bur-
rill) Trevisan, I gen. e le spec. delle batteriaceae, p. 19, 1889; Bacterium amylovorum 
(Burrill) Chester, Manual Det. Bact., p. 176, 1901; B. amylovorum (Burrill) Serbinoff, 
Jour. Bolyzne Rostenii, No. 6: 131, 1915. 
Cultures No. 31, 32, 33, 34, 35, 36, 82, 83, 84, 85, 86, C-SC, C-77s, C-50, C-501, 
C-507, C-55, C-55.2, C-64. 
Habitat: Etiological agent of the fire blight disease of pomaceous plants, pro-
ducing direct general necrosis in spurs, shoots, leaves, blossoms, fruits, and cambium. 
Cells are short, i.e., one and one-half to two diameters, Gram-negative, nonacid-
fast, actively motile, peritrichously flagellated asporogenous bacilli with rounded ends. 
In nutrient agar cultures growth is moderate, grayish-white, smooth-shiny, buty-
rous, and somewhat raised. In potato dextrose agar cultures growth is luxuriant but 
short-lived, the cultures dying out within 7 to 10 days and becoming chalky in appear-
ance. In E.M.B. and Endo-agar plate cultures pink, pin-point colonies are formed. 
All peptone-containing culture fluids sustain a fairly luxuriant anaerobic growth, as 
evidenced by the uniform and moderate turbidity, with fairly abundant precipitate 
and frequently a membranous pellicle. Growth in Koser's citrate medium is nil. An 
alkaline reaction is produced in litmus milk cultures. 
Protopectinase and amylase activity absent, but -a moderately rapid proteolysis 
of gelatin produced. Milk sometimes peptonized. ' 
Nitrates are not reduced nor inorganic nitrogen utilized in metabolism. Hydrogen 
sulphide is not released from proteoses. Indol not produced. Methyl red reaction 
slightly positive or indecisive. V-P reaction negative. No sustained growth in Koser's 
citrate JDedium. 
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Fermentation anaerogenic. Acid always produced from glucose, fructose, sucrose, 
and melibiose. Acid production doubtful or indecisive from arabinose, xylose, galac-
tose, trehalose, esculin, and glycerol. Acid production definitely negative from rham-
nose, sorbose, maltose, cellobiose, lactose, raffinose, dextrin, starch, cellulose, inulin, 
salicin, erythritol, dulcitol, mannitol, sorbitol and i-inositol. 
2. Erwinia salicis (Day) Bergey et al. Man. Det. Bact. fifth ed., p . 406, 1939. Syn. 
Bacterium salicis Day, Oxford For. Mem. 3:14, 1924; Phytomonas salicis (Day) 
Magrou, Diet. Bact. Path., p. 408, 1937. 
Cultures No. 79, 80, 81. 
Habitat: Etiological agent of the watermark disease of Salix species, producing 
an indirect vascular necrosis and conspicuous staining of the wood. 
Cells are short, i.e., one and one-half to two diameters, Gram-negative, nonacid-
fast, usually actively motile, peritrichously flagellated asporogenous bacilli. 
In nutrient agar cultures growth is not luxuriant, is grayish-white to translucent, 
spreading, smooth-shining, butyrous. In potato dextrose-agar cultures growth is more 
copious, somewhat more raised, and assumes a definite lemon yellow color after a 
few days. Pale pink, pin-point colonies are produced in E.M.B. and Endo-agar plate 
cultures. Luxuriant growth (anaerobic) in all peptone-containing culture solutions, 
as evidenced by a moderate uniform turbidity and a fairly copious precipitate but no 
pellicle. No visible growth in Koser's citrate medium. Litmus milk cultures remain 
unchanged in appearance, except that the indicator may appear very slightly reduced. 
Protopectinase, amylase, and proteinase activity absent. Nitrates are not reduced, 
nor are inorganic nitrogenous compounds utilized in metabolism. Hydrogen sulphide 
is not released from proteoses. Indole not produced. Methyl red reaction slightly 
positive or indecisive. V-P reaction negative. Sustained growth in Koser's citrate 
medium negative. 
Fermentation usually microaerogenic, but may be anaerogenic. Acid with slight 
and erratic gas production from glucose, mannose, fructose, sucrose, and mannitol. 
Acid only from melibiose, raffinose, esculin, and salicin. Acid production doubtful 
from trehalose and glycerol. Definitely negative fermentations from arabinose, xylose, 
rhamnose, galactose, sorbose, maltose, cellobiose, lactose, dextrin, starch, cellulose, 
inulin, erythritol, dulcitol, sorbitol, and i-inositol. 
3. Erwinia tracheiphila (Smith) Holland, Jour. Bact. 5: 222, 1920. Syn. Bacillus 
tracheiphilus Smith, Cent. f . Bakt. 1: 364, 1895; Bacterium tracheiphilum (Smith), 
Chester, Man. Det. Bact., p. 72, 1897; B. tracheiphilum (Smith) Lehmann and Neumann, 
Vol. 2, p. 446, 1931. 
Cultures No. 94, 95, 96, 97, 98, 99. 
Habitat: Etiological agent of bacterial wilt disease of cucurbits, causing indirect 
vascular necrosis. Grayish-white exudate may be squeezed from the vascular elements 
of diseased plants. 
Cells are relatively long, i.e., three to four diameters, Gram-negative, nonacid-
fast, actively motile when young, peritrichously flagellated asporogenous bacilli. 
In nutrient agar cultures, growth is grayish-white to translucent, not luxuriant, 
very slimy, raised, smooth-shiny, short-lived. In potato dextrose-agar cultures, 
growth is much more luxuriant and longer lived, the translucent appearance pre-
dominating. No growth in E.M.B. or Endo-agar plate cultures. A very faint turbidity 
without precipitate or pellicle formation in all peptone-containing culture fluids. 
No visible growth in Koser's citrate medium. Litmus milk cultures remain un-
changed in appearance. 
Protopectinase, amylase, and proteinase activity lacking in substrates used. 
Nitrates not reduced, and inorganic nitrogen not utilized in metabolism. Hydrogen 
sulphide not released from proteases. Indole is not produced. Methyl red reaction 
slightly positive or indecisive. V-P reaction negative. Koser's citrate utilization test 
negative. 
Fermentation anaerogenic. Acids produced from glucose, galactose, fructose, 
sucrose, and mannitol. Acid production negative from arabinose, xylose, rhamnose, 
mannose, sorbose, maltose, cellobiose, trehalose, lactose, melibiose, raffinose, dextrin, 
starch, cellulose, inulin, esculin, glycerol, erythritol, dulcitol, sorbitol, and i-inositol. 
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TAXONOMIC POSITION OF THE GENUS ERWINIA 
With the emendation of the genus Erwinia herein proposed, there 
arises the problem of which family to put it in. That it cannot be included 
in the family Enteroba,cteriaceae of Bergey's Manual (1939) is evident 
from the fact that the genus cannot be keyed into this family or even the 
tribe Erwineae, of which it is the type genus. The species included in the 
emended genus do not reduce nitrates, ferment lactose, release hydrogen 
sulphide from proteases, nor excrete protopectinase, and they ferment 
carbohydrates anaerogenically or, rarely, microaerogenically. Inasmuch 
as the family Enterobacteriaceae was specifically defined to include the 
coliform bacteria and closely related genera, it cannot accommodate the 
genus Erwinia, unless the family diagnosis be drastically emended. It 
would seem preferable to establish a new taxonomic unit of family rank, 
perhaps, to include those genera of physiologically specialized bacteria 
resembling the emended Erwinia. A new family bearing the name 
Erwiniaceae fam. nov. with the genus Erwinia, (Winslow et al.) 1917 
emend. designated as the type, is characterized as follows: 
Heterotrophic, Gram-negative, asporogenous bacilli. Exhibit considerable physio-
logical specialization. Usually require a complex source of nitrogen and/ or growth 
factors. Do not reduce nitrates. Acid fermentation from a relatively few fermentable 
substrates with or without small amounts of gas. Habitat diverse. 
The type genus is Erwinia (Winslow et al., 1917) emend. This desig-
nation of the family would exclude the pectolytic and all other bacteria 
that do not conform to the behavior pattern outlined above. Many species 
now included in the general Flavobacterium, Fusobacterium, Bacteroides, 
Actinobacillus, Achromobacter, Phytomonas, and Bacterium may be 
found to be rightfully classified in this same taxonomic unit. The estab-
lishment of a family such as this is justified not only from taxonomic neces-
sity but also by the criteria already established by Buchanan (1917-18), 
which have since become the basis of modern bacterial taxonomy in this 
country. 
THE GENUS PECTOBACTERIUM GEN. NOV. 
Historical. Although the soft-rot diseases of plants have been under 
investigation for more than half a century, innumerable problems regard-
ing the identities of the various etiological agents remain unsolved. Heinz's 
(1889) investigation of the white rot disease of the hyacinth was the first 
accurate study of an undoubted soft-rot disease of plants. His description 
of the causal organism, which he called Bacillus hyacinthi septicus, was 
sketchy, and, because of this, together with the fact that his epithet is a 
trinomial, his name cannot now be considered valid. Most of the early 
studies of the soft-rot and blackleg organisms were likewise inadequate 
for accurate confirmation and thus have provided the basis for nomen-
clatural controversies, some of which have never been settled satisfactorily. 
Potter's (1901) investigations into the nature of the white rot disease 
of turnip, followed shortly by Jones' (1901, 1909) monumental studies 
of the carrot rot disease, both proved the pectolytic nature of the patho-
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genesis of these pathogens, and are classics in the annals of phyto-patho-
logical research. 
The identity of Potter's organism soon became a matter of doubt, 
however, because Potter (1901) reported polar flagella for his species, 
Pseudomonas destructans. Unfortunately, Potter's original culture was 
lost, and subsequent isolates sent by him to Harding and Morse (1909) 
proved to be peritrichous. More recently, S. G. Jones (1922) described a 
bacterium with polar flagella isolated from a soft-rot of turnip which he 
thought might be the same as Pseudomonas destructans Potter (1901). 
Because Jones' isolate differed in several important respects from the 
soft-rot organisms under consideration, the validity of Potter's epithet 
became more doubtful than ever, and should, therefore, probably be con-
sidered a nomen confusum. The earliest valid, adequately described 
species of peritrichous vegetable soft-rot bacteria is, therefore, Bacillus 
carotovorus Jones (1901). 
The bacterial nature of the potato blackleg disease was first definitely 
proved by Frank (1898), who described and named the pathogen. His 
organism, Micrococcus phytophthorus, was not adequately described, for 
which reason Appel (1902) declared the epithet invalid and proposed the 
name Bacillus phytophthorus Appel. A few months later van Hall (1902) 
published a complete description of the potato blackleg pathogen, which 
he called B. atrosepticus. Appel's (1903) detailed description of the patho-
gen did not appear until the following year. Whether Appel's or van 
Hall's name should be accepted has been a controversial point to this day. 
That Frank was dealing with the blackleg pathogen cannot be doubted 
from his reported positive inoculation results. Furthermore, his description 
of the isolated organism indicates the presence of morphologic forms fun-
damentally characteristic of the species. A careful perusal of Frank's 
papers reveals that he observed very short rod-shaped organisms in his 
cultl,lres which he regarded as aberrant forms. In view of his observa-
tions, if not his interpretation of them, Frank's epithet must be considered 
valid, despite the widely held opinion that Appel or van Hall should 
be accorded the credit. Thus Micrococcus phytophthorus Frank (1899) 
appears to be the first valid epithet that can be applied to a member of 
the pectolytic bacteria. 
During the years following these early studies, several species of 
soft-rot bacteria were described, some of which are readily distinguishable 
species, but most of which are merely synonyms of earlier published epi-
thets. Townsend's (1904) Bacillus aroideae and Gidding's (1910) B. 
melonis can be considered valid species. The others, for the most part, 
can be readily recognized as synonyms of one of the four species already 
mentioned. 
Because of the close similarities existing among the various species 
of pectolytic bacteria, comparative studies with them have been numer-
ous, and many conflicting conclusions have been derived from them. The 
earliest comparative study of note was by Harding and Morse (1909) , 
whose observations of 43 strains of soft-rot bacteria isolated from several 
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species of plants in scattered parts of the world, led them to conclude that 
B. carotovorus, B. omnivorus, B. oleraceae, B, aroideae, and "Potter's 
bacillus" were practically indistinguishable, and that they should be con-
sidered as somewhat variant strains of a single species. Although they 
noted a strong tendency for many of the isolates to produce small amounts 
of gas erratically, they commented on the remarkable stability and uni-
formity exhibited by the organisms with respect to all other cultural 
characters. Their careful observations provide a reliable basis today for 
characterizing the pectolytic bacteria. Their data show that some of their 
cultures were never observed to produce gas, a fact that has been con-
firmed in the present study, and the fundamental importance of which 
apparently has been overlooked. 
On the basis of differences in fermentative ability, cultural charac-
ters and pathogenicity among B. carotovorus, B. aroideae, and an isolate 
from tomato, Massey (1924) concluded that the organisms, though closely 
related, should be considered two separate species. He also reported the 
observation that B. phytophthorus and B. atrosepticus differed from B. 
carotovorus in their ability to produce acid in ethyl alcohol media. He 
suggested, too, that the failure of the soft-rot bacteria to produce acid or 
g'as from maltose may be d,ue to the absence of the alphaglucosidase, 
maltase, in their enzymatic complex. 
Massey's (1924) conclusions were supported by the cross agglutina-
tion studies of Link and Taliaferro (1928). Matsumoto (1929) and Matsu-
moto and Samazowi (1931), also using serological methods, obtained clear 
differences among strains of soft-rot bacteria that appeared identical in 
other respects. That B. aroideae is a distinct species from B. carotovorus 
was further supported by pathological, physiological, and serological evi-
dence reported by Brierley (1928) , Leach (1930) , Johnson and Valleau 
(1931), Dowson (1939, 1941), and Elrod (1941). 
Baldacci (1934) concluded from a comparative study of several 
strains of soft-rot bacteria, that B. apivorus Wormald (1913) and Bac-
terium apii Brizi (1896) should be regarded as synonyms of Bacillus 
carotovorus Jones (1901). Because the original description of Bacterium 
apii is so meager that it is now impossible to establish its identity, it is 
probably more appropriate to regard it as a nomen dubium than a syno-
nym. 
Much confusion exists in the literature with reference to the black-
leg pathogens. Data obtained from pathological, morphological, cultural, 
biochemical, and serological techniques led Paine and Chaudhuri (1923) , 
St. John-Brooks et al. (1925) Mehta (1925), Lacey (1926), and Berridge 
(1926) to conclude that Bacillus phytophthorus (B. atrosepticus) was 
distinct from B. solanisaprus. From the evidence presented in these papers, 
there is reason to believe that B. solanisaprus is very similar to, if not 
identical with, B. carotovorus in all important characters except, perhaps, 
its virulence on potato stems. The detailed serological evidence presented 
by Stapp (1928) also strongly supported this view. The present cross-
inoculations and laboratory studies confirm the conclusion that B. solani-
468 E. L. WALDEE 
saprus should be considered as a synonym of Erwinia carotovora and not 
of E. phyt<Yphthora. 
Perhaps the most comprehensive comparative study ever made on a 
group of bacterial plant pathogens was reported by Stapp (1928) on 128 
isolates of blackleg and other soft-rot bacteria. Although he was unable 
to effect a satisfactory species separation by means of the usual morpho-
logical, cultural, and physiological tests, he was able to recognize five 
distinct and constant serological groups. While he was willing to recog-
nize only one species, he pointed out that there may be justification for 
recognizing two. Leach (1930) and Bonde (1939) have confirmed the 
general conclusions of Stapp (1928). The nomenclature controversy aris-
ing from Stapp's (1935) acceptance of the principle of the most represen-
tative type and Leach's (1930) adherence to the principle of priority 
probably is most readily resolved by recognizing at least two species of 
organisms, namely, Bacillus phytophthorus Appel (1902) for the black-
leg pathogen and B. carotovorus Jones (1901) for the pectolytic bacteria 
resembling Jones' isolate. 
Stanley (1938) concluded, from an extensive comparative study of 
120 strains of soft-rot, corn stalk-rot, and coliform bacteria that no ade-
quate classification of these organisms is possible because of the great 
variability and instability reported by him. 
Matsumoto and Sawada (1938) described a bacteriophage isolated 
from a culture of B. aroideae which they reported to be highly specific. 
Even in high concentrations the phage failed to produce visible lysis in any 
soft-rot culture except in cultures of B. aroideae. 
Dowson's (1941) paper on the soft-rot bacteria has extended and 
confirmed the conclusions of the earlier British workers. He found 
maltose, xylose, gelatin, and sucrose to be useful materials in distin-
guishing between Bacterium carotovorum, B. phytophthorum, B. aroideae, 
B. rhaponticum, B. aerogenes, Pseudomonas marginalis, and Ps. syringae. 
This work seems to have been confirmed in recent data presented by 
Elrod (1941, 1942). 
Serologically Elrod found Erwinia amylovora, E. salicis, E. trachei-
phila, and the soft-rot organisms to be distinct from each other. Within 
soft-rot bacteria, however, he obtained two distinct serological groups, 
which he observed to be correlated with the ability to ferment maltose. 
The biochemical data reported in his paper strongly indicate that the 
maltose-fermenting strains were undoubtedly members of the coliform 
bacteria rather than true soft-rot organisms. Elrod (1942) believed that 
although the reactions of the soft-rot bacteria were similar to those of 
Escherichia freundii and Aerobacter cloacae, these organisms should be 
classified in a separate genus (Erwinia). 
Classification of the pectolytic bacteria. The oft-repeated contention 
that the variability of the "soft-rot" bacteria is such as to make them in-
distinguishable from the coliform bacteria was found to be unjustified in 
this study. The only serious source of variation noted was in gas-produc-
tion, a phenomenon which was reported by Harding and Morse (1909) 
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and many others and which must now be considered a distinguishing 
characteristic for practically all the aerogenic members of the pectolytic 
bacteria. No anaerogenic strain was ever observed to produce gas, and 
all aerogenic strains produced gas erratically and in small amounts. 
The results of the experiments, summarized in Tables 2 and 3, show 
the pectolytic bacteria to be totally unrelated to the members of the 
emended genus Erwinia, and, although exhibiting some rather striking 
relationships to the coliform bacteria and Serratia marcescens, there can 
be no doubt that they are distinctive enough to be classified in a separate 
genus. 
Since the results of this study show that the pectolytic bacteria are 
clearly distinct from the Erwinia species on the one hand and the coliform 
bacteria on the other and thus constitute a distinct, easily recognized 
taxonomic unit, this group of organisms should be recognized as a separate 
genus in the family Enterobacteriaceae, the diagnosis of which is as fol-
lows: 
Pectobacterium n. gen. 
Non-spore formL"lg, gram-negative, rod-shaped bacteria, motile by means of 
peritrichous flagella or nonmotile. Grow readily in media containing inorganic nitro-
gen compounds and appropriate carbon source. Reduce nitrates to nitrites. In buffered 
peptone media produce anaerogenic or microaerogenic acid fermentation (gas none 
to 10 per cent in Durham tubes) from a wide range of substrates. Secrete an active 
protopectinase capable of producing a visible softening of raw carrot (or other fleshy 
plant tissue) within 48 hours or less. Active gelatinase produced. Litmus milk acidi-
fied without digestion. 
The type species is Pectobacterium carotovortim (Jones) n. comb. Syn. Bacillus 
carotovorus Jones, Zentrbl. £. Bakt. 7:12. 1901. 
KEY TO THE SPECIES 
A. Gas usually formed in peptone-carbohydrate media (e.g., glucose, sucrose, lac-
tose), in amounts less than 10 per cent in Durham tube cultures. 
B. Good growth in Koser's citrate medium 
C. Acid produced from glycerol slowly and in small amounts. 
1. P. carotovorum 
CC. No visible acid from glycerol 2. P. phytophthorum 
BB. No visible growth in Koser's citrate medium 3. P. delphinii 
AA. Gas never' formed in peptone-carbohydrate media in Durham tube cultures. 
BB. Voges-Proskauer test negative 
B. Voges-Proskauer test positive 
4. P. aroideae 
5. P. melonis 
CHARACTERIZATION OF THE SPECIES OF PECTOBACTERIUM 
1. P. carotovonim (Jones) comb. nov. Syn. Bacillus carotovorus Jones, Cent. f. 
Bakt. (II) 7:12, 1901; Erwinia carotovora (Jones) Holland, Jour. Bact. 5:222, 1920; 
Bacterium carotovorum (Jones) K. B. Lehmann, in Lehm., Neum. and Breed 2:446, 
'Duplicate Durham tubes, with 1 per cent peptone, 0.1 per cent :&,HPO,, and 0.5 
to 1.0 per cent each of glucose, sucrose, and lactose repeated at least once, yielding no 
tubes with gas bubbles are construed as being anaerogenic. 
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1931; Bacillus oleraceae Harrison, Science (n. s.) 16:152, 1902; Erwinia oleraceae (Har-
rison) Holland, Jour. Bact. 5: 222, 1920; Bacillus omnivorus van Hall, PhD diss. Univ. 
Amsterdam, p . 123, 1902; B. solanisaprus Harrison, Cent. f. Bact. (II) 17:34, 1906; Er-
winia solanisapra (Harrison) Holland, Jour. Bact. 5: 222, 1920; Bacillus apiovorous 
Wormald, Jour. S. E. Agr. College Wye, No. 22: 457,1913; 
Probable syn. Bacillus cepivorus Delacroix, Ann. Inst. Nat. Agron. (Ser. 2) 5: 368, 
1906; Bacterium cepivorus (Delacroix) Stapp, in Sorauer's Handbuch d. Pflanzenkr. 
2 (5th ed.) 49, 1928; Aplanobacter cepivorus (Delacroix) Elliott, Man. Bact. Plant 
Pathogens, p. 4, 1930; Bacillus cypripedii Hori, Cent. f. Bakt. 31: 85, 1912; Erwinia 
cypripedii (Hori) Bergey et al., Man. Det. Bact., p. 171, 1923; Bacillus betivorus Taki-
moto, Ann. Phytopath. Soc. Japan 2: 350, 1931; Erwinia betivora (Takimoto) Magrou, 
ir. Diet. Bact. Path., p. 200, 1937; Bacillus sachari Roldan, Philippine Agr. 20: 259, 1931: 
Erwinia sachari Roldan, ibid, 1931. 
Invalid. Bacillus hyacinthi septicus Heinz, Cent. f. Bakt. 5: 535, 1889, is a tri-
nomial, of which the following names are declared to be synonyms: Bacterium hya-
cinth:. septicus (Heinz) Chester, Ann. Rept. Del. Agr. Exp. Sta. 9: 127, 1897; Bacillus 
hyacinthi (Heinz) Migula, Syst. Bakt. 2: 874, 1900. Pseudomonas destructans Potter, 
Proc. Univ. Durham Phil. Soc., p. 3, 1899, is a nomen confusum, of which the folow-
ing names are declared to be synonyms: Bacterium destructans (Potter) Nataka et al., 
Tech. Rep. Korea Industr. Model Farm 6:1, 1922; Phytomonas destructans (Potter) 
Bergey et al., Man. Det. Bact., 3rd ed., p. 264, 1930. Bacillus brassicaevorus Delacroix, 
Comptes Rend. Acad. Sci. (Paris) 140:1356, 1905, is a green fluorescent organism which 
was found by Szymanek (Rev. Path. Veg. et Ent. Agr. 13:259, 1926) to be a saprophyte 
fol:lowing larval attacks of Contarinia torquens. 
Cultures No. 20, 26, C12, W20, W38, 110. 
Habitat: Etiological agent for soft-rot diseases of a wide range of fleshy host 
plants, causing a rapid direct general necrosis by means of the secretion of a potent 
protopectinase. The maceration of host tissues usually is not accompanied by black-
ening of the tissues. 
Cells are short, i.e., one and one-half to three diameters, Gram-negative, nonacid-
fast, usually actively motile, peritrichously flagellated, asporogenous bacilli. 
In nutrient-agar cultures, growth is moderately luxuriant, grayish white to 
cream-colored, raised, smooth shining to dull, butyrous. In potato dextrose-agar 
cultures, growth is much more copious and usually inclined to a creamish color. In 
E .M.B. and Endo-agar plate cultures, colonies usually are small, 1 to 3 mm. in diameter, 
with a metallic sheen resembling that of Escherichia species, but general appearance 
of colonies is quite unlike that of coliform organisms. Luxuriant anaerobic growth 
in all peptone-containing culture fluids, pellicle and precipitate formation varying. 
Growth in Koser's citrate medium luxuriant. Litmus milk cultures quickly acidified 
with subsequent curd formation and reduction of indicator. 
Protopectinase activity strong in various living plant tissues, amylase activity 
lacking, proteinase activity strong in gelatin cultures but absent in milk. Nitrates are 
reduced to nitrites, various inorganic nitrogenous compounds being utilized in 
metabolism. Hydrogen sulphide released from proteases in moderate amounts. Indole 
not produced. Methyl red reaction moderately to strongly positive. V-P reaction 
negative. Vigorous growth in Koser's citrate medium. 
Fermentation reactions microaerogenic or anaerogenic in some substrates. Some 
strains exhibit conspicuously slow fermentation reactions, definite reactions appear-
ing only after a week's incubation. Acids, with slight and erratic gas production by 
all strains from arabinose, xylose, rhamnose, galactose, mannose, cellobiose, lactose, 
sucrose, raffinose, and mannitol. Slow-fermenting strains produce acid only from 
glucose, fructose, trehalose, melibiose, and esculin, whereas other strains produce 
both acid and gas. All strains produce acid only from salicin and glycerol (glycerol 
reaction always slow). Fermentation reactions decidedly negative with sorbose, 
maltose, dextrin, starch, cellulose, inulin, erythritol, dulcitol, sorbitol, and i-inositol. 
Salient distinguishing characters of the species are its microaerogenesis, in fer-
mentable substrates, slow acid production from glycerol, inability to ferment maltose, 
ability to grow in Koser's citrate medium, methyl red-positive and V-P-negative reac-
tions. Usually produces soft-rot without pigment fermentation in plant tissues. 
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2. Pectobacterium phytophthorum (Frank) comb. nov. Syn. Micrococcus phy-
tophthorus Frank, Bericht. d. deut. bot. Gesellsch. 16: 277, 1S9S; Bacillus phytophthorus 
Appel, Bericht. d. deutsch. bot. Gesellsch. 20: 129, 1902; B. phytophthorus (Frank) 
Appel, in Delacroix, G., Ann. I' Inst. Nat. Agron. 5: 360, 1906; Erwinia phytophthora 
(Appel) Holland, Jour. Bact. 5: 222, 1920; Bacterium phytophthorum (Appel) Stapp, 
in Lehmann, Neumann & Breed, 2: 446, 1931; Bacilus atrosepticus van Hall, Inaug. Diss. 
Univ. Amsterdam, p. 134, 1902; Erwinia atroseptica (van Hall) Bergey et al., Man. 
Det. Bact., p. 172, 1923; Bacillus melanogenes Peth. & Murphy, Jour. Dept. Agr. & 
Tech. Inst. Ireland 10: 251, 1910. 
Cultures: Nos. 23, 17, lS, 21, M60, ClO, W120. 
Habitat: Etiological agent of the blackleg and soft-rot disease of the potato, 
causing a rapid direct general necrosis effected by the secretion of a potent proto-
pectinase. Maceration of host tissue is frequently accompanied by blackening of in-
fected tissue. 
Cells are short to moderately long, i.e., one and one-half to four diameters, Gram-
negative, nonacid-fast, usually actively motile, peritrichously flagellated, asporogenous 
bacilli with rounded ends. 
In nutrient-agar cultures, growth is moderately luxuriant, grayish-white to 
cream-colored, smooth shining to dull, butyrous. Potato dextrose-agar cultures pro-
duce copious growth inclined to be cream-colored. In E.M.B. and Endo-agar plate cul-
tures, colonies are usually small, 1 to 3 mm. in diameter, with a metallic sheen 
resembling that of Escherichia species, but general appearance of colonies quite unlike 
that of coliform bacteria. Luxuriant anaerobic growth in all peptone-containing 
culture fluids, pellicle and precipitate varying in amount. Growth in Koser's citrate 
medium luxuriant. Litmus milk cultures quickly acidified with subsequent curd 
formation and reduction of indicator. 
Protopectinase activity moderately strong in various living plant tissues, amylase 
activity lacking, proteinase activity strong in gelatin but absent in milk. Nitrates re-
duced to nitrites, various inorganic nitrogenous compounds being utilized in metab-
olism. Hydrogen sulphide released from proteoses in moderate amounts. Indole not 
produced. Methyl red reaction moderately to strongly positive. V-P reaction negative. 
Koser's citrate test positive. 
Fermentation reactions microaerogenic or anaerogenic in some substrates. Some 
strains exhibit conspicuously slow fermentation reactions, definite reactions not ap-
parent until a week after inoculation. Acids, with slight and erratic gas production, 
produced by all strains from arabinose, xylosE!, rhamnose, glucose, mannose, fructose, 
lactose, sucrose, raffinose, and mannitol. Slow-fermenting strains produced acid only 
from galactose, cellobiose, trehalose, esculin, and salicin, whereas the other strains 
produce both acid and gas. All strains produce acid anaerogenically from melibiose. 
Fermentation reactions decidedly negative with sorbose, maltose, dextrin, starch, 
cellulose, inulin, glycerol, erythritol, dulcitol, sorbitol, and i-inositol. 
Salient distinguishing characters of the species are its microaerogenesis in fer-
mentable substrates, inability to ferment maltose and glycerol, ability to grow in 
Koser's citrate medium, methyl red positive and V-P negative. Produces soft-rot of 
potato stems and tubers frequently with formation of black pigment in the tissues. 
3. Pectobacterium delphinii spec. nov. Type culture, CS, isolated in 1936 from 
blight disease of Delphinium spp. by P. A. Ark, in California (Phytopath. 2S: 2Sl-283. 
193S). 
Cultures: CS. 
Habitat: Etiological agent of larkspur bacterial blight, causing a rapid direct 
general necrosis by means of a potent protopectinase. 
Cells are short, i.e., one and one-half to two diameters, asporogenous, Gram-
negative, nonacid-fast, actively motile, peritrichously flagellated bacilli with rounded 
ends. 
In nutrient-agar cultures, growth is moderately luxuriant, grayish-white to 
cream-colored, raised, smooth shining to dull, butyrous. Potato dextrose agar cul-
tures produce copious growth inclined to be cream-colored. In E.M.B. and Endo-agar 
plate cultures, colonies are usually small, 1 to 3 mm. in diameter, with a metallic 
sheen resembling that produced by Escherichia species, but general appearance of 
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colonier. quite unlike that of any coliform bacteria. Luxuriant anaerobic growth in 
all peptone-containing culture fluids, pellicle and precipitate varying in amount. 
Does not grow in Koser's citrate medium. Litmus milk cultures quickly acidified with 
subsequent curd formation and reduction of indicator. 
Protopectinase activity moderately strong in various living plant tissues, amylase 
activity lacking, proteinase activity strong in gelatin but absent in milk. Nitrates 
reduced to nitrites, various inorganic nitrogenous compounds being utilized in 
metabolism. Hydrogen sulphide released from proteoses in moderate amounts. Indole 
not produced. Methyl red reaction positive. V-P reaction negative. Koser citrate test 
negative. 
Fermentation reactions microaerogenic, or anaerogenic in some substrates. In 
general, fermentation r·eactions resemble those of P. phytophthorum. Microaerogenic 
acid fermentation reactions from glucose, galactose, cellobiose, trehalose, lactose, and 
sucrose. Anaerogenic acid fermentation reactions from fructose, maltose, raffinose 
(very weak to doubtful), esculin, and salicin. Definitely negative reactions with 
melibiose, dextrin, starch, cellulose, and glycerol. Tests were not made with arabinose, 
xylose, rhamnose, mannose, sorbose, inulin, erythritol, dulcitol, mannitol, sorbitol, and 
i-inositol. 
Salient distinguishing characters of the species are its microaerogenesis in many 
fermentable substrates, inability to ferment glycerol, slow and rather weak fermenta-
tion of maltose, inability to grow in Koser's citrate medium, methyl red positive 
reaction and V-P negative reaction. 
4. P. aroideae (Townsend) comb. nov. Syn. Bacillus aroideae Townsend, U. S. 
Dept. Agr. B.P.I. Bul. 60, p. 40, 1904; Erwinia aroideae (Townsend) Holland, Jour. 
Bact. 5: 222, 1920; Bacterium aroideae (Townsend) Stapp, Sorauer's Handbuch d. 
Pflanzenker. 2 (5): 41, 1928; Erwinia aroidea (Towns.) Holland in Bergey et al., Man. 
Det. Bact., p. 171, 1923; Bacillus aroideus (Towns.) Holland, ibid, 1923; B. papaveris 
Ram Ayyar, Mem. Dept. Agr. India, Bact. Ser. 2: 33, 1927; Erwinia papaveris (Ram 
Ayyar) Magrou, in Diet. Bact. Path., p. 214, 1937; E. cytolytica Chester, Phytopath. 
28: 427, 1938. 
Probable syn. Bacillus croci Mizusawa, Kanag. Agr. Exp. Sta. Bul. No. 51: 1, 1921; 
Erwinia croci (Miz.) Magrou, in Diet. Bact. Path., p. 204, 1937; Bacillus cacticidus 
Johnson & Hitchcock, Trans. & Proc. Roy. Soc. S. Australia, 47:162, 1923; Erwinia 
cacticida (J. & H .) Magrou, in Diet. Bact. Path., p. 201, 1937. 
Cultures: Nos. 24, 27, MlO, M81, Wl. 
Habitat: Etiological agent for soft.!rot diseases of a wide range of fleshy orna-
mental and economic plants, causing a rapid direct general necrosis by means of a 
potent protopectinase. The virulence of this species is usually much higher than the 
microaerogenic pectolytic bacteria. 
Cells are short, i.e., one and one-half to three diameters, asporogenous, Gram-
negative, nonacid-fast, usually actively motile, peritrichously flagellated bacilli with 
rounded ends. 
Growth in nutrient agar cultures is moderately luxuriant, grayish-white to cream-
colored, raised, smooth-shining to dull, butyrous. In potato dextrose-agar cultures, 
growth is much more copious and inclined to be a cream color. In E.M.B. and Endo-
agar plate cultures, colonies usually are small, 1 to 3 mm. in diameter, with an 
Escherichia-like sheen, but in general appearance quite unlike those of any coliform 
bacteria. Luxuriant anaerobic growth in all peptone-containing culture fluids, pellicle 
and precipitate formation mostly quite abundant in amount. Growth in Koser's 
citrate medium luxuriant. Litmus milk cultures quickly acidified with subsequent 
curd formation and reduction of the indicator. 
Protopectinase activity usually very strong in various living plant tissues. Amylase 
activity lacking. Proteinase activity strong in gelatin but lacking in milk. Nitrates 
reduced to nitrites, various inorganic nitrogenous compounds being utilized in 
metabolism. Hydrogen sulphide released from proteoses in moderate amounts. Indole 
not produced. Methyl red reaction slightly positive to indecisive or negative. V-P 
test usually strongly positive. Koser's citrate test positive. 
Fermentation reactions are always anaerogenic in all fermentable substrates. 
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Acid reactions produced from arabinose, xylose, rhamnose, glucose, galactose, man-
nose, fructose, cellobiose, trehalose, lactose, melibiose, sucrose, raffinose, esculin, 
salicin, glycerol (weak), and mannitol. Definitely negative fermentation reactions 
from sorbose, maltose, dextrin, starch, cellulose, inulin, erythritol, dulcitol, sorbitol, 
and i-inositol. 
Salient distinguishing characters for the species are its motility, anaerogenesis in 
all fermentable substrates, doubtful methyl red reaction, positive V-P reaction, and its 
usually very high virulence. 
5. Pectobacterium melonis (Giddings) comb. nov. Syn. Bacillus melonis Gid-
dings, Vt. Agr. Exp. Sta. Bul. No. 148, 1910; Erwinia melonis (Giddings) Holland, 
Jour. Bact. 5: 222, 1920. 
Cultures: Nos. 25, 19, M12, 22, 75, Kl, K.2, Cll, W2, W3, W13, W42, 106, 107, 108, 
109, 111, 112. 
Habitat: Etiological agent for the bacterial soft-rot diseases of several species of 
fleshy economic and ornamental plants causing a rapid direct general necrosis by 
means of a potent protopectinase. Isolates of this species characteristically have a 
very high virulence. 
Cells are short, one and one-half to three diameters, asporogenous, Gram-
negative, nonacid-fast, usually actively motile, peritrichously flagellated bacilli with 
rounded ends. 
Growth in nutrient- agar cultures is moderately luxuriant, grayish-white to 
creamish, raised, smooth shining to dull, butyrous. In potato dextrose-agar cultures, 
growth is much more copious and inclined to be cream colored. In E.M.B. and Endo-
agar plate cultures, colonies are small, 1 to 3 mm. in diameter, with a metallic 
Escherichia-like sheen, but in general appearance the colonies are quite unlike that 
of any coliform bacteria. Luxuriant anaerobic growth in all peptone-containing cul-
ture fluids, pellicle formation varying but usually with a heavy precipitate. Luxuriant 
growth in Koser's citrate medium. Litmus milk cultures quickly acidified with sub-
sequent curd formation and reduction of indicator. 
Protopectinase activity usually very strong in various living plant tissues. Amy-
lase activity lacking. Proteinase activity strong in gelatin cultures but lacking in 
milk. Nitrates reduced to nitrites, various inorganic nitrogenous compounds readily 
utilized in metabolism. Hydrogen sulphide released from proteoses in moderate 
amounts. Indole not produced. Methyl red reaction moderately to strongly positive. 
V-P reaction negative. Koser's citrate test strongly positive. 
Fermentation reactions are always anaerogenic in all fermentable substrates. 
Occasional isolates produce very slow and weak acid reactions in most substrates. 
The weakly fermenting strains produce slight to moderate acid reactions after 1 
week's incubation from glucose, galactose, fructose, lactose, melibiose, sucrose, 
raffinose, esculin, and salicin. They do not ferment maltose, cellobiose, trehalose, 
starch, cellulose, and glycerol. Reactions with other substrates were not determined. 
All other isolates produced prompt acid reactions from arabinose, xylose, rhamnose, 
glucose, galactose, mannose, fructose, cellobiose, trehalose, lactose, melibiose, sucrose, 
raffinose, esculin, salicin, glycerol (weak), and mannitol. Definitely negative fer-
mentation reactions with sorbose, maltose, dextrin, starch, cellulose, inulin, erythritol, 
dulcitol, sorbitol, and i-inositol. 
Salient distinguishing characters for the species are its anaerogenesis in all fer-
mentable substrates, positive methyl red reaction, negative V-P reaction, and its 
usually very high virulence. 
AEROBACTER DISSOLVENS (ROSEN) COMB. NOV. AND OTHER 
COLIFORM BACTERIA 
The corn stalk-rot organism described by Rosen (1922) under the 
name Pseudomonas dissolvens (Bacterium dissolven, Phytomonas dis-
solvens) was among the organisms included in this study. Rosen (1926) 
474 E. L. WALDEE 
noted that this organism was closely related to Bacillus coli. Stanley 
(1938) considered the corn stalk-rot bacteria and soft-rot bacteria to be 
strains of the colon-typhoid-dysentery group. Chester in the fifth edition 
of Bergey's Manual (1939) regarded the corn stalk-rot organism (Pseudo-
monas dissolvens) as a possible synonym of Erwinia carotovora. 
The results of the comparative studies summarized in Tables 2 and 3 
definitely show that the corn stalk-rot organisms are coliform bacteria 
and do not belong to the soft-rot or pectolytic bacteria. 
The corn-stalk-rot bacteria differed from the pectolytic bacteria in 
that they did not produce detectable protopectinase activity or gelatinase 
activity of any consequence. They produced "IMViC" reactions of the 
Aerobacter type and fermented carbohydrates, glucosides, and alcohols 
with abundant gas (10 to 100 per cent). They always produced acid and 
gas from maltose. 
They resembled the species of Aerobacter in all respects except that 
they produced a strikingly slow microaerogenic fermentation from lactose. 
In lactose the fermentation index of the corn stalk-rot organism was 
usually OOX3, the total amount of gas generally fluctuating slightly above 
and below 10 per cent in Durham tubes. These observations are borne 
out in the data published by Rosen (1926), Stanley (1938), and Elrod 
(1941, 1942). 
The evidence presented here and that found in the literature ade-
quately justifies the inclusion of this species in the genus Aerobacter 
Beijerinck, 1900. 
Characterization of the species: Aerobacter dissolvens (Rosen) Comb. Nov. Syn .. 
Pseudomonas dissolvens Rosen, Phytopath. 12: 497, 1922; Phytomonas dissolvens 
(Rosen) Rosen, ibid. 16:241, 1926; Bacterium dissolvens (Rosen) Rosen, ibid., 1926; 
Aplanobacter dissolvens (Rosen) Rosen, ibid., 1926. 
Habitat: Etiological agent of the corn stalk-rot disease. 
Detailed description of the species was published by H . R. Rosen in Phytopath. 
16:241-267, 1926; also in Arkansas Agr. Exp. Sta. Bul. No. 209, 1926. 
Salient distinguishing characters of Aerobacter dissolvens are as follows: Gram-
negative, asporogenous, plump bacilli with rounded ends. Produce abundant growth 
in all culture media. Produce cracks in potato dextrose-agar by virtue of its vigorous 
gas-production. In litmus milk cultures produce acid with curd and reduction of 
indicator. Produces large Aerobacter-like colonies in E.M.B. and Endo-agar plate 
cultures. Reduce nitrates to nitrites. Release hydrogen sulphide from proteoses. Do 
not produce indole from tryptophane. Methyl red reaction negative, and V-P 
reaction positive. Abundant growth in Koser's citrate medium. Protopectinase 
not produced. Amylase activity produced by some strains. Proteinase activity 
very weak or lacking in gelatin and lacking in milk cultures. Fermentation reactions 
are macroaerogenic in most substrates. In lactose the fermentation reaction is of a 
slow, acid microaerogenic type. Fresh isolates are pathogenic on Zea mays, but 
pathogenicity is soon lost in pure culture. 
The data available concerning A. dissolvens may cast a little light on 
the problem relating to the identity of the "slow lactose-fermenting" coli-
form bacteria associated with certain intestinal disorders of man discussed 
by Parr (1939) and Stuart, Griffin, and Baker (1940). It seems that 
coliform bacteria that are associated with disease of either plants or ani-
mals usually exhibit one or more abnormal reactions in culture media, 
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or seem to lose the ability to effect certain transformations of substrates 
normally attacked by coliform organisms. Following this line of reason-
ing, attempts have been made to link the pectolytic and coliform bacteria 
phytogenetically. The results of this study did not justify such a concept 
of phylogenetic relationship, because the behavior in culture media and 
in host plants was so strikingly different in all cases. A number of isolates 
received as "soft-rot" bacteria were found to exhibit characters typical of 
coliform bacteria. These were nonpathogenic on the host plants tested 
and did not produce protopectinase. Six cultures received as Erwinia 
carotovora (W48, W51, W52, W53, CAl, and CA2) and E. solanisapra 
(EP) were readily identified as strains of Aerobacter aerogenes. A cul-
ture received as Erwinia phytophthora (P4) was found to be a strain of 
Escherichia freundii. Culture No. 496, received as Erwinia phytophthora, 
was neither a coliform nor a pectolytic organism. These coliform organ-
isms, apparently isolated from decaying plant material, usually exhibited 
a slow lactose fermentation. 
SUMMARY 
Crossinoculation, morphological, cultural, and biochemical studies 
were made with 78 cultures of peritrichous and nonmotile plant pathogemc 
bacteria together with a few nonphytopathogenic bacteria to determine 
their relationships. Eleven peritrichous and one nonmotile plant patho-
genic species were studied together with Aerobacter aerogenes, A . cloacae, 
Escherichia coli, E. freundii, Serratia marcescens, and Proteus vulgaris. 
The crossinoculation studies indicated that the cultures of Erwinia 
amylovora, E. tracheiphila, and E. salicis were highly host specific as com-
pared with the pectolytic bacteria. Two cultures of E. lathyri were found 
to be nonpathogenic on any of the plants inoculated. Bacterium dissolvens 
showed only slight pathogenicity on corn and none on the other plants. A 
number of nonpathogenic cultures received as species of soft-rot bacteria 
were identified as species of coliform bacteria. 
In morphology and staining reactions the plant-pathogenic bacteria 
were practically indistinguishable from the nonpathogenic species. 
In culture media Erwinia amylovora, E. tracheiphila, and E. salicis 
produced notably less luxuriant growth than did the other organisms. 
They either failed to grow or produced small, pale-pink colonies on E.M.B. 
and Endo-agar slants. E. salicis was distinguished by its yellow growth 
on potato dextrose-agar slants. E. tracheiphila produced a slimy growth 
on all media containing sugar. E. amylovora was exceptionally short 
lived on potato dextrose-agar. The pectolytic organisms grew faster than 
E. amylovora but slower than the coliform bacteria in all culture media. 
The E.M.B. and Endo-agar colonies of the pectolytic bacteria were rela-
tively small and produced cultural characters indicating their relationship 
to the species Aerobacter. 
The biochemical activities of Erwinia tracheiphila, E. am ylovora, and 
E. salicis in culture media were quite restricted. These species did not 
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reduce nitrates or produce hydrogen sulphide from proteose peptone broth. 
E. amylovora produced an alkaline reaction in litmus milk with weak 
proteolysis, whereas E. tracheiphila and E. salicis produced no visible 
changes. These bacteria produced no protopectinase or amylase activity. 
E. amylovora produced a rather slow liquefaction of gelatin, the other two 
species none. Marked acid production for all these organisms was ob-
served only with glucose, fructose, sucrose, and pectin. Certain other 
carbon compounds were fermented by one species but not by the others, 
making possible convenient species separations. 
The pectolytic bacteria resembled the coliform organisms in many of 
their biochemical reactions. They differed in that the pectolytic bacteria 
produced marked protopectinase and gelatinase activity and fermented 
carbon sources anaerogenically or microaerogenically. The V-P reaction 
served to distinguish E. aroideae from E. melonis. 
All except one culture of the pectolytic bacteria failed to ferment 
maltose. Glycerol served to distinguish E. carotovora and E. phytophthora. 
The corn stalk-rot bacteria resembled the coliform bacteria in all 
respects except their lactose fermentation which was characteristically 
slow and weak. · 
The cultures received as E. lathyri showed a close relationship to 
Serratia marcescens in their biochemical activities. 
Erwinia ananas resembled E. amylovora in its nitrate reduction but 
resembled Serratia marcescens somewhat in other respects. 
The peritrichous and nonmotile plant pathogenic bacteria were found 
to consist of four groups of generic rank. 
A new family, Erwiniaceae, was proposed to include the emended 
genus Erwinia and related genera. The genus Erwinia is now conceived as 
a unit consisting of: 
E. amylovora (Burrill) Winslow et al., 1917 \ 
E. tracheiphila (E.F.S.) Holland, 1920 
E. salicis (Day) Bergey et al., 1939 
The genus Pectobacterium was proposed for the pectolytic bacteria, 
and it is proposed to include in it the family Enterobacteriaceae with the 
coliform bacteria. The genus is composed of: 
Pectobacterium carotovorum (Jones) Waldee, as type 
P. phytophthorum (Frank) Waldee 
P. aroideae (Townsend) Waldee 
P. melonis (Giddings) Waldee 
and a newly described species: 
P. delphinii Waldee 
The corn stalk-rot bacterium was transferred to the genus Aerobacter 
as: 
Aerobacter dissolvens (Rosen) Waldee 
The yellow peritrichous plant pathogen bacteria, Bacterium lathyri 
Manns and Taub., B. ananas Serrano, occupy a doubtful position taxo-
nomically but seem to be close to Serratia marcescens. 
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